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(57) Abstract 



An apparatus useful to treat exhaust gas stream, including diesel engine exhaust. The exhaust stream passes from an exhaust outlet to 
a catalyzed filter in communication with the exhaust outlet. The catalyzed filter comprises a first catalyst which comprises a first platinum 
group metal; a first cerium component; and preferably a zirconium component. There can be a second catalyst in communication with the 
first catalyst, the second catalyst comprises a second cerium component. 
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WO 00/29726 -1- PCT/US99/26037 

CATALYST AND METHOD FOR REDUCING 
EXHAUST GAS EMISSIONS 

BACKGROUND OF THE INVENTION 

5 Field Of The Invention 

This invention relates to an apparatus comprising a catalytic 
element in communication with .a catalyzed .filter element, and 
method for the oxidation of oxidizable components of a gas-borne 
stream, e.g., for treatment of diesel engine exhaust, and more 
10 specifically to the treatment of such diesel exhaust to reduce the 
particulates content thereof. Where the catalyzed element and 
catalyzed filter are located in an exhaust stream of a diesel 
engine with the catalyzed element located between the engine and 
the catalyzed filter element. 

15 Background and Related Art 

As is well-known, gas-borne streams from industrial processes 
or engine exhausts often contain oxidizable pollutants such as 
unburned fuel and vaporized or condensed oils. For example, 

~ """diesel* "'engine'" exhaust "contains riot" only gaseous' polTutahts sucfe'as 

20 carbon monoxiti'e M ("CO^)v arid* ^unburned hydrocarbons ("HC"), but also 
soot particles which, as described in more oxtail below, ( comprise 
both a dry carbonaceous fraction and a hydrocarbon liquid which is 
sometimes referred to 'as "a volatile organic fraction ("VOF"), 
w.hich .terminology will be: used herein, or a soluble organic 
25 fraction. Accordingly, ^although sometimes. ..loosely referred to as 
/an . "exhaust gas " , ..the. exhaust of a diesel, engine is actually a 
^. _ ( heterogeneous' material, comprising gaseous ,/ liquid and ,sqiid 
components. The VOF ' may;, exist in diesel exhaust, either as a vapor 
' or as an aerosol (fine 1 droplets of liquid cqndensate) depending 'on 
30 the temperature of the'*; die's el exhaust. 

Oxidation catal-ysts comprising a" platinum group metal 
dispersed on a refractory metal oxide 'support are known for use in 
treating the exhaust„«of diesel engines in order to convert both HC 
and CO gaseous pollutants and particulates, i.e., soot particles, 
35 by catalyzing the oxidation*:' of these pollutants to carbon dioxide 



BNSDOCID:- <WO 0029726A1J. > 



v , WO 00/29726 



-2- 



. - PCT/US99/26037 



, , and. water,. One . problem., faced . in- the treati^er>.t^ r of -diesel engine 
exhaust,,is presented , by . the ■. presence of s.ulf ur :o in . diesel fuel. 
.... .Upon .cpmbustipn,. sulfur^ -forms ^ sulfur dioxide and the oxidation 

. r .catalyst .catalyzes .the. SJV to ^SQ . ;l (*"S:Ulf atesVi : yith subsequent 

5 formation of. r condensable sulfur compounds, such as .sulfuric acid, 

which condense upon, and thereby -add ? to, the mass - of particulates . 
..The sulfates, also, .react with .activated alumina supports to form 
aluminum .sulfates, which .render activated : , alumina-containing 
„ catalysts inactive. In. this. -regard ,see U.S. Patent 4-, 171, 289 at 
10 column 1, - line 39. et seq.. ..Previous, attempts to deal with the 
.sulfation problem .include the incorporation : of large amounts ■ of 
sulf ate-resistant materials, such ... .as vanadium oxide into the 
,V- support coating,., or -the- -use .of alternative support materials such 
as alpha-alumina , (a-alumina )., silica, and tetania, . .which are 
15 sulf ation-resistant materials. : , . • _ ^ • v . 

U.S. Patent-, ,No - 5,-4 62 ,,307. . is.. : di^ected r to a. ceria-alumina 
oxidation., catalyst .-. - ; This -patent ^discloses :r oxidation : catalyst 
compositions including a catalytic, material containing, ceria and 
. alumina each .having- a~ surf ace., jtrea^o^.^t least about- 10 m 2 / g, for 
20 . example, ..ceria. .and ..activated I ■ §lumina ~ : ,in a - weight ratio- of- ~f rom 
about, 1 . 5 : .1 -to-,l:l . 5.. Optioaall-y may be .included in the 

catalytic material -ig amounts, .which _a : re ^sufficient t . to promote gas 
, phase oxidation., of :CO and HC but. j which? are .limited to preclude 
excessive- oxidation, of SO. to, S0 3 ,A1 .ternativeLy , palladium in any 
25 desired amount, may- be . included;.., i;n .the catalytic,, material .r The 
, ... : catalyst compositions axe ...disclosed. -to : have utility as ■ oxidation 
catalysts for., pollution abatement -of ..exhaust gases-, containing 
- e .. . unburned fuel . or ~,oil . .For. example, , the : ..catalyst compositions may 
../be used -in a method to treat . diesel ..engine - exhaust by contacting 
30 -the hot exhaust with the catalyst ; -. composition to promoter the 
• .oxidation of. -*the_ .volatile ; .orgafiic .- fraction component of 
particulates in the exhaust. Related U.S.. Patent -. No , :r 5 , .491 , 12 0 is 
directed to. an. oxidation catalyst with- bulk ceria and a second 
...bulk metal oxide... This patent discios^es that^the second bulk metal 
35 oxide may be one. or more of tit-ania, :z.i-rcqnia, ceriarsirconia, 
.--.silica, alumina-silica and -.a-alumina,. : There, are disclosures f such 
as U.S.- Patent Nos.. 4 , 714 ^%9f and S,-057 , ; 4&3 disclosing; a variety 
. of catalyst compositions "which vinclude^ ceria in bulk, f orm-, alumina 
stabilized ceria a.nd ceria- zi rconia- components . ; ~ - .v-: 
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' ■ " *■ Catalyzed soot r fi:Lters : are "known from' references' such U.S. . 

* - Patent Nos'r : 4> 510; 265 : *¥nb c SVlOOv 632.'' These, references disclose the 
::•?::.=:- use 0 j catalyzed soot- filteri ; *i : ri "diesel- exhaust streams: Reference 

- ~ is also" made to SAE Technical Paper -Series- No . 8 602 9 8'," update on 
4 " : 5 : the evaluation of* diesel p'^rti ? cu'l-ate'' < ¥'i"ll:er3 for': 'underground 

mining by A. Lawson, et*^l: v - *-'*^- - r:: ° r - " - - - - ,J 

1 : * : ■ "U;-S. 'Patent" No." 4, 902/48'? : disclo*ses V process* 'for treatment 

- "~ 0 ~£ ~ diesel ■ "exhaust "'gases'' r whrerei'n diesel" exhaust gas ^ is passed 

- ' '* ■ - through a 'filter to 1 'remove particulate therefrom before" discharge 

10 and particulate depositee!-' km the : filter is combusted . In this 

* " : process, gas containing N0 2 : is disclosed'- tb J be ; catalytically 
^ : . -generated ,; 'in - the exhairst stream. i: This* 3 ' is ^disclosed" to be 

accomplished by putting ' a*, catalyst upstreani - of the~f£lter. The 

* ; upstream* catalyst is ""disclosed"- to- producer 'b^v- in a" diesel - exhaust 
15 stream which contains NO. - — — 1 ~ -* • 

1 r - ' ~A" cbmmbrr method- --of "pollution abaterrreht* of gas streams 

■ ■ * involves- the ; u'se of L a catalytic 'article -in.- the*'' form 'of multi- 
rr.t, - .: ^channel " flow through r structures . Such :: structures include multi- 
v : . ■ : , 5 h a n n el v h b n eycomb- 7 s t met urfe s " w h er e ; " th e? r hoTi e ycomb" can be mad e^ of 
rc -20 - mVtal> cerafnic : 6r : ^ : a ;r:j eital"yst r " containing- "composition. -'The 
honeycomb, 1 £6F example,- can be made" by extrusion, calendaring * or. 
\ . ^'corrugation;-' : -The "ca't'^lys t • can ; "be 7 on t l he Surface of the " : honeycbmb 

— : • >or -part " of* the 1 -honeycomb composition. For- example,, U.S.* Patent^ No. 
"■*■"■ : ~ 4,157,3-75 discloses ieolite catalyzed 1 reduction'' of : nitrogen oxides 

25- -in* e'xhaus€^g^sd;s" conducted'" with catalytic" articles in the form of 
• ; : '-muiti -channel 'structures' "in * which 3 parallel - channels "are defined by 
r tfiin wal Is * made-up bf refractory oxides having zeolite. 'dispersed 

' -'therein -and accessible 'to diffusion -from "surfaces of th^ channel 
•'•"■» ;: ^ '/walls. r .The- reaction "ratd -for -this' type - of multi -channel parallel 
30 ' '"flow, -through- catalyst ; configuration- for catalytic reactions is 
"often rate*" : l : imi ted *-by " bulk - mass transfer and pore- diffusion 

• - - . - — constraints^ ■ " c ' - - ; : " - - *- * * * : 

- v: ■"' - " r Another- -method" -o'f -pollution : abatement relates to the 
. . - filtering of -'particulate material from diesel" engine exhaust gases 

, r: ..r 35 : u~sing a catalyzed filter Many*' 'references disclose the use of 
, " 'wal If low- filter's- -which- 1 comprise*" catalysts bh or in the filter to 
: ■ -filter and- burn - of f . * filtered - particulate matter. *A common 
construction- is ■- a ? miilt-i -channel honeycomb' 'structure having the 
ends of alternate: channels : ©n the -upstream and' downstream sides of 
40 the honeycomb structure plugged. This results in checkerboard type 
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pattern on .either , end . Channels^plugged on .the^ _ups.tr earn or inlet 
end are opened on the downstream „o_r o.utlet : end^.._. Jjiis permits the 
gas to. enter, the., open .upstream qhanneJLs, flow through the porous 
.walls and exit through the channels ; haviryg open downstream ends. 
.5. ,The^ gas to be treated .passes, into .the., catalytic.. s,tructurf _ through 
the open upstream end of a . qh^nnel .and is prevented from, exiting 
by the plugged .downstream- end of . the .s^me channel. The gas 
pressure forces the gas through the porous- structural . walls into 
channels closed at the _yp stream end and opened at the downstream 
10 end. Such structures are , primarily disclosed to filter particles 
out of the . exhaust gas stream .... Of ten the structures have 
.catalysts on or, in /tjie sub.s r trat,e which .enhance the oxidation of 
the particles .. Typical '^patents ..dis.closing spch catalytic 
.structures, include. U.. S.. , Patent „ ,.Nos . - ..3, 9.04., 551 ; .4,329,162; 
15 .. 4,340,403; , 4, 364., 760; . . ^^^pOBj.^A^Bl^^lS)^ .4,559,193., , and 
4, 563., 414, , ; . - ... , , . - ; , L 

Of interest is U.S. .Patent. No. 3,. 904,551 which discloses a 
system.. ,in whicb_th.e suhs.trate, ->as a,.. . catalyst ..coasting . It is 
disclosed in U.S.. .Patent No.r 4 r j?2.9 f; 162. that a - catalytic substance 
20 can be placed., on th.e v walls^ /of : the „ honeycomb . structure to 
facilitate regeneration combustion in the. body of .that . structure . 
U..S. Patent No. 4,559,193 recognize? that a ceramic, .honeycomb body 
can carry catalysts. U.S,.- Patentee. ,4 , 34,0, 403 disclpses that 
where honeycombs are used for. filters., there, should, be .a. separate 
25 ho.neycomb. substrate, carrying catalysts .downstream, for removal of 
carbon monoxide, hydrocarbons and- nitrogen .oxides . f The honeycomb 
f.ilter. used upstream is viewed^ as., only .filtering, particulate 
matter to .prevent clogging of .the .catalytic honeycomb - used to 
remove the gaseous pollutants. Similarly ,U . .Patent No . .4., 364 , 760 
30 discloses the, use ; of . an upstream- ceramic-, hpneyqomb filter c which 
. 1 can burn the, fine particles into carbon monoxide ..and hydrocarbons 
.which can be treated.by a separate .three-way. catalyst means . • Other 
patents disclosing honeycomb -type . filters., .useful , .as diesel 
. particulate .traps . include. U.-S. .Patent .Nos . ,4 , .441 , 8 5§;.. 4-^427 , 728 ; 
35 4, 455, .18.0; 4 , 55.7 , 962 ; 4 , 576, 774 ; y 4„ 7 52 , 51 6 and 4 , 75 9 , B.92 . : . : 

U.S. Patent No... 4., 510^265. describes. ; a_ self -cleaning diesel 
exhaust, particulate f ilter., which- contains^ , a -patalyst .mixture of a 
platinum, group metal and .sily.er. ^vanadate f t the presence .of ..which is 
disclosed., t.o lower the temperature at . „ which . ignition and 
40 . incineration of the particulate .matter is initiated . Filters are 
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" disclosed' *to" ^ticlude' thin porous :: walled honeycomb^ '(mOhoiiths) or 
' " : formed structures through ' frhich* ' the "exhaust gases pass with a 
' " * ml nittuiitr pressure drop. 'Useful fi iters 'are disclosed to r be made 
' from ceramics", "generally ' crystalline; glass "ceramicrsV 'glasses, 

■"5" metal's cements/*' resins "of* organic "polymers, papers, 'textile^ 
""'fabrics 'and combinations thereof. * 
' *' "* U*/Sr Patent No. 5; 100, 632 "ilso describes" a catalyzed diesel 
~ exhaust ^particulate filter antf'a method of removing- deposits from 
the e'xhaust gas"'of a d'iese'l 'engine. The method" involves passing 
■lb"' "the -'exhaust gases through" a" 'catalyzed f ilter ' having porosis walls 
"where the walls have thereon' as' a ciatalyst a mixture "of a" platinum 
group metar'and'an alkaline"' earth metal. .The "catalyst" mixture, is 
' 'described as* 'serving to lower' the temperature at which ignition of 
' collected particulate 'matter is initiate'd . " "The f ilter element was • 
15 • : found *-to resiilt rn' l part : icl'e burn-off from r the catalyzed filter. 
Additionally, gaseous emissions from the diesel 'exhaust were 
■~ . recorded' With'" the" catalyzed" filter versus no filter. The results 
showed "that the catai'yzed" 1 "fxl ters coirtjpared 'to Using ho fi lifer 
*~ "resulted" i*n " 113" parts' pe'r " million carbon monoxide versus' 5 parts 
2u *"p£r * "million tv barbori" monoxide "for "* a "catalyzed iilter. Total 
" J 'hydrocarbons ( With"' n*o filter" were ' 8 4 ; parts' per 'million and with a 
1 filter werer'41 parts' per^million. Nitric' oxide''went '' f rom '417 parts 
" per"miilioh* with r no' filter" to 326 parts 'with"" a catalyzed filter. 
:: j*~ Total 1 NO x " went ' from* 4 60 r parts : per 'million' - with no filter to *:403 
'is ' Mparts* per 'mxliion wi'th' *a" •catalyzed* : f liter"; * and' nitrous oxide Went 
w •' - ** f rom : 43* pair ts wifri' n : o fil L ter to' 7*7 parts with' 'a' catalyzed filter. 
■* "**•"' : it va ; s -observed '* that 'the presence of' the" catalyzed particulate 
f iiter 1 in the- exhaust "system of a diesel 'engine "has a generally 
1 "-'*-• posit ive*~e'f feet 'on -reducing the gaseous 'emissions' of the" system. 

*3'o *■ Japanese Kok£i ' 3-130522 '■ discloses ' the treatment o'f diesel 

** - L ~ exhaust gases • 'characterized 'by ' use of an ' ammonia injector and 
- - porous "ceramic - filter having a denitration catalyst within the 
l - : p6res. : Tne filter' is rnstalfe'd -in the Wake- of the diesel engine 
• -"exhaust 1 . The 1 ceramic porous filter * comprises 'an upstream' fine pore 
35 ' pa th 'layer , and 'a downstream side' course* ceramic particle layer on 

- - ^'Which the 'denitration catalyst was supported*'. The fine' layer can 

- support a 'platinum*- ox palladium or other hydrocarbOrf combustion 
catalyst*. The '-diesel' exhaust "ga" s ■ contai nihg unburned carbon flows 

: -' * through * the" porous' ceramic r - filter arid the carbon particles are 
40- filtered onto"the surfacev' r The- gas containing" nitric oxides and 
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.the ammonia passes through the- denitratloi^ :; catalyst containing 
. side * of . the- filter and the. .nitric :.qxides are ,-r^duced to nitrogen 
and water. The. oxidation . -catalyst- on ..the upstream side causes the 
particulate .component to- burn, of f xatalytieally .. 
. 5„ . U.S.. Patent No. 4, '404,007. is directed to a ceramic honeycomb 

structure.. wherein there, are a -plurality of. projections^ provided 
. , .over the -entire wall .surfaces • of the cells in the -structure body. 

U.-S. Patent No*- 5,114, 581 is -directed to-, a : bapk-flushable 

filtration device. - The .-device includes a monolith of porous 
3,0.. material having an inlet andean outlet, end . . The- passage^ ways of 
-the monolith are alternately -plugged _ at the inlet and -.t he outlet 
.ends of the monolith, thereby preventing a direct passage of feed 
- .. stock through the • passageways f.roni. : .the : inlet to the outlet end. A 
.micEoporous membrane of mean . p.qr.qus - size smaller : than, the mean 
,15. pore size of the .monolith, ; -njaterial covers the surf ace o.f the 
passage, ways. U.S. Patent No. 5,221,, 4 8A r . which .is a : .continuation- 
in-part of -U.S. -Patent No ... : .5, c 114 : ,-5.81- t is a catalytic 
filtration device for; separating ; -particulate- feed :: stock into a 
.filtrate and -particulate containing^ f ilte : r; cake . : T4ie- catalytic 
20 filtration device -is- suitably for catalyzing a ; gas,. pha.se : _ reaction . 
.Reactions which may be catalyzed inGlude t^e -reduction. ; of oxides 
of nitrogen, the -oxidation : of ; sulfur dioxide, ■ : andj the ^oxidation of 
volatile organic vapors:. ^ \ : ; . c • 

- . . £ ■ - r . - .. - . : . - SUMMARY. OF, TOE INVENTION r . - / , - • ; , . ;• 

25 • The present -invention., relates to an- apparatus and related 

method -for oxidizing, oxi d i-z ab 1 e : : comp o ne n ; t s ; of .a gas-bprn.e stream, 
for -example, -for treating- die-s el engine.- .exhaust.. 

• - The present invention provides ,-an apparatus • 'comprising a 

catalyzed filter. The catalyzed, -filter ...comprises,; a first catalyst, 

,30 the first catalyst .comprising a- -first_ platinum groups metal and a 
- first : cerium compo-nent.. :, -There, is- ,a second ^ catalyst , in 
communication with the- . -first- •catalyst.; The, 5 : e;eon.d - catalyst 
comprises a second cerium component . The - catalyzed filter can be 
any suitable filter substrate. For treating' diesel -engine., exhaust, 

.35 . the - filter -is commonly- referredto as -a : spot -.filter , with a 
preferred^ soot -filter comprising a :: wall, flow .-ho-ne-y comb; substrate. 
The -second catalyst is preferably^ ^upp^2Lted : on.-.a .flaw through 
honeycomb, substrate . - ^ . - : *- • ; - * ■ 
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: - * -The 1 * --'apparatus 7 ; i£ c particularly effective • with - regard to 

reducing 1 : the- ' total --pafViculatfeV in the exhaust- gas * streams, 
r : * r particularly dieseT -engine 'ekhaust ;: gas streams. The- -carbonaceous 
particulate's- : 't"soot*f "-coiri^nerrd" of- diesel /engine exhaust is , as is 
"*5 well-known, compHsed : of two majbr- components-. 'One component is 
relatively ''dry carbonacebiis particl : es ' an'ci : the v -other , - usually 
~> referred -to as a volatile "or^a'riic" : f racti6n ( ,f V6'F""") also referred 
• to as- a* 1 soluble ~ of gani-c- fraction ( ,e SOF M ), is a mixture of high 
molecular weight Hydr6ca-rbdSs- v c*iinprised of unburned ; ^and partially 
-LO**- burned diesel- -fuel 3 and lubf ideating oil. The ' volatile- organic 
fraction is present- in ^th'e - diesel exhaust as ; either a vapor phase 
a liquid phase*, * or '-^bothV depeVding on the temperature of the 
e'xHaust. In" order- to "reduce the ; total particulates discharged so 
- ~ ; a s =fc o r me e t -pre sent-- 'a n d 1 mpen d ih g ■ Gove r nme ht'^regulations- concerning 
15 maximum "-allowable total ^ ^parti-culaVesr'" "the volatile V organic 
fraction, -of- at : least'' a-portion-'tlieireof, is oxidized to innocuous 
:, C0 2 and *-H CP by beri'-ng r contraoted "with 'an -oxidation "ca-t'aTyst under 
-suitable 5 , f eac-t-ion-' c'bntfi tibhrs\ >i * The particulate* 'Matter *an 
' -J ' -^.additionally Be* -filter ed : on-a~ -'soot'- filter 1 '. -The soot filter can^be 
-26 -■• catalyzed : /tb enable : i^ : to 'burn *of f~ ■ 'trapped -particles as --"the 
- exhaust -temper atuf : e- increases -€b x abdve .the x> light-6ff " temperature 
* b-f-*' the- * catalyst -V - -T-hat- is- the ^temperature at-t which catalytic 
combustion occurs. The Balance -Point- Temperature (BPT) is.;"the 
temperature at which the soot burning rate achieved by . the 
25 catalytic soot-'f 11 tef--is^equal td'the soot accumulation rate in 
the -filter. A lower BPT is preferred. The specific apparatus of 
- the presents-invention enable*' -lower- -BPT 7 s" to be 1 achieved '-while 
■ efficiently using ' plat ihum v gf'dup' catalyst components''.' 

A preferred"- apparatus - for -■ treating 'diesel '-engine exhaust 
C '-30 - -comprises ,"- r in combination/ a' dlesel : engine* -.having an exhaust 
- ; outlet', -=-a' '-'catalyzed ■ -f ilter lh Communication with 'the 7 exhaust 
^•'*: - -of Oft let",-' vand' a " 'second ■ catalyst' in* communication with 'the first 
/■:v.f catalyst . ' The catalyzed -filter comprises a first catalyst which 
; ' . comprises'' a" first - platinum' - group metal and -'-a* : first cerium 
.-3 5 ' component .' ' :: The * -second-* " catalyst -comprises a second cerium 
^ ^."v: c'omporrent:^' r ' - • *"* ■ •■ - »;.-_.,'■ 

/~ :: * .. ^ - ^ - An alternative - and . pref erred apparatus -comprises a diesel 
- ..engine shaving- -aii exhaust "outlet .--A catalyzed filter communicates 
: • * 'with -the* - exhaust-; -outlet -J- The catalyzed' filter comprises a first 
.40 catalyst comprising a first platinum group metal > a- 'first' cerium 
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t ^Gomppne-nt,. and ^ • first.; zirconium compone-rvt« :;T A , : more preferred 

embodiment of this alternative , apparatus : ..a ;; second catalyst in 
^ : . communication- -with the/ r first ^ catalyst ,^ .wher.e th ? second catalyst 
.-comprises .a second- cerium component., . = . _ 

.5 . .. The- configuration of :v: the, .apparatus. ; .can ■ be varied. 
■ ■ Preferably, - the- second cat s alyst - is located betw^eeri^ the engine 

... . , outlet : and the -first- catalyst v Alternatively,, . the second .catalyst 
can be located between the engine outlet a-nd. the, catalyzed, filter. 
~ ■ In this ..embodiment the .second .catalyst can be supported on a 

. ; 10. ^separate ^substrate than . the .catalyzed filter such . as flow through 
honeycomb substrate. Alter-na-tiveLy^ - the. second .catalyst can be 
- : --located at the ^catalyzed filter. -In this embodiment, the catalyzed 
- filter has an axial- length extending - from an ..upstream filter end 
, to a downstream -fdlt-er end,; _and ; the -second c.atalyst r is located for 
15 at. least part of the axial- length— from the upstream end, - The 
second -catalyst can ..extend .f or 0 f rom 7 about :> Q . 25 > to about 8 inches 
and preferably, from about .0 ..5 - to -about v 5 -inches ?: . from : the upstream 

end,.* - rv .-..v.-..'.-.:.:.-") : r.z r r.:v 

' ; . In yet another embodiment, the second catalyst . can , be located 
- 20 .-downstream of- .the- first c^kalyst^ the second 

catalyst -is, located downstream^ of ■ .the -.first - catalyst.. In this 
embodiment the second catalys t t .can ... be . ^sup.p-o^ted on, .a- . separate . 
, r substrate than the catalyzed , filter,, such : as flow -through honeycomb 
; ■; substrate. Alternatively , the - second- catalyst can" T be -located at 
-v25". the- catalyzed- filter-. In this emlMdiment , ^.-the, catalyzed , filter has 
; — - • , -a-n axial length extending -.f rpm. -an.- upstream, filter ...end to a 
< . downstream filter isnd,-. and. the ^econd- catalyst-ds^l-ocated for at 
least part of the axial length from; the downstream end. The second 
« ., .catalyst- can extend for : from. -.about. :;Q ;V 25 to- about 8 inches and 
- . - 30 - preferably f from about 0.5 to- about 5.r inches- from-- the downstream 

_ •■ • end . • . - . ■ r L L ; : .. r.:. r : . - ; , .:• c ; . . 

...^ , - -a preferred first catalys V-composition . ,of : -the fix sty catalyst 

-useful- £or -the. catalyzed. so©t : f ilter comprises --a first platinum 
group metal component, a first cerium component and preferably a 
35 first zirconium component.-.; -.; 

Where a second catalyst is used in combination with the first 
..catalyst, as. a separate- catalytic-, element- ox : as part of the soot 
filter, a preferred -second catalyst : : composition, comprises- a second 
• • -cerium r component . and preferably^a.^secpjid .platinum group metal 
. • 4-0 component.. Pre. f erabl y , j the s-econd :ii catal3;st; composition comprises 
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a second'- me t'al' : ' oxide selected - from : silica,' alumina./ -titania, 

- * -zirconiai : si lie a -alumina arid ; ceif iS-zircbnia . • : ~ :; * 

J ' : ' - ~ * In- a useful "second ■'"'catalystP : cdmpos'i't ion' * -t'he second cerium 

component is bulk ceria^ having a J -BET- surf ace ' area- -of • at least 
■ " 5 ^ about 10 : m 2 /g- and" the second metal oxide ' is- 'a bulk metal oxide - 

^ having "a" : BET surface area -of "at least about- 10 m r /g-~The second 
- • * ~ J catalyst composition' comprises -creri'a and' a metal oxide in a weight 
* - ~ ; : ratio- : of f fora : 5 : 9 : S to .95 : 5 ." : ' -- : * - - ' • 

~ ~ J c '■' - * "The -second catalyst "can" comprise- at least one second platinum 
"lO group metai component ."Useful 0 second " platinum group "component can 
be selected ffoni platinum,- "pal" radium,' and- rhodium components. The 
1 " second platinum group components are preferably present in an 
amount' of from s 0 1 to 2 : 0'0 g/f : t 3 based on the weight of'-" the metal. 

- ■■ - " : '~ - -Where r "the" •second platinum group - component is a platinum 
• 15 ; component in' an Amount -'from 0.-1 -to IS g/ft 3 ; '-preferably' from- 0 . 1 

-to 5 : g/ft^, based ! ori J the^ weight 1 of : the ; 'metal . In a useful second 
^plati riuiri : g r 6 up* * c omp one ri t " the* second pi at i n um * * c bmp 6 n e n t c a n rr.b e 
present in an amount from 0.1 to 0.5 g/ft 3 based on the weightrof 
r . - -5. t ^ e i me tal-/- *~ r -~ n ' ■ " 'V -'■ > - - - 

- r z 20 ■ 'The' . frirst' catalyst ' compos itf-ior> cari-comprfs-es a first metal 

: • x\- , . oxide 'seiectV-dF^f roW silica /'"alumina, titania,- : zirconia, : silica- 
*. * .-r.t ^ '"al'umina^a'nd* cerfa-zircoriiaV : - - r r: r " 

: ' * '* . " ! ' 1 .ln j a v us-ef ul : first '"catalyst ■ composition the ' first ceiium 
- > I*:-.. .. ■component is- 'bulk - cerl'a 'having > a - BET' -surface area .of at least 
: - • 25 about- 10 - : iti 2 7g v, and the first -metal oxide is' -a bulk metal oxide 
L 'Having a BET surface area" of at "least about 10 m 2 /g. The first 

: ■" ' 'catalyst composition-' comprises ceria and a metal oxide in- : a weight 
: ■ ratio' : bf ? f rbm : * 5': 95 to* 95:5-". :) ■> • ■* 

:: ~ - ; — The first catalyst can comprise ; at least one first- platinum 
' ^30* group-' metal component. - Useful first "platinum group component can 
be selected from platinum, palladium, and rhodium components. The 
fixst platinum ■ 'group: 1 components- are - preferably present in an 
KL.r.r : - amount of f-r'om "0:1; to - K 200 * g/ft 3, based- on the weight "of the metal . 

D EFINITION S • - •* • 

" : r - 35 :/ * " As used' "herein . -and ■ -in' the- claims, the following' terms shall 
'-' have" -the" indicated meanings'. " ** : • * .:..*.. 

"■■ : * " ,r The term :>r g as-borne, stream" means a gaseous stream "which may 
■v- :.; -■contain - ri'on-'gasebus compbrierits-'such- as solid- particulates and/or 
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vapors, r liquid mist f or droplets.,., and/.or . solid .particulates wetted 
. by^ a liquid.,. . „ t . . : - .- • ; . 

. , The term . ."BET .surface .area" .has its ..usual, meaning of 

■ referring tp the Brunauer, Emmett, Teller „method for. determining 
.5 .,, surface area .by. N. 2 . .absorption Unles.s otherwise specifically 
.stated, all references herein .to the surface area of j bulk ceria, 
. , the second metal.oxides,,, or other components means. thf BET surface 

_ . area.. . , - ±. ? - : 

The term, "activated alumina" ,.has- its usual -meaning of 
1-0- - a high BET surface area a^lurrvina, - comprising . primarily one or .more 
. . of gamma-, theta- and delta -aluminas (y-,, 0- and 6-aluminas) . 

The. term "catalyticaily ,,ef f ective amount" means^ that the 
amount of material present is. sufficient to affect- the rate of - 
reaction of the oxidation of pollutants in the exhaust being 
15 treated. - ■■- < - • - - ■ . 2 -j ■■ 

The term "inlet temperature" shall mean the temperature of 
. the exhaust, test .gas .or other - stream .-being treated immediately 
prior to initial contact of the exhaust,- test gas. or. other stream 
with -the, catalyst- composition.. - - .. - - : . : 

20 The term "ceria metal oxide catalytic - material".: means a 

t * , combination of .Qeria, and-, metal, oxides selected -from the class 
consisting of one or more , of . .titania, r zirconi.a , ceria-zirconia, 
silica, -alumina-silica^, and alumina, the ceri^a haying a BET surface 
area of at least about 10 m 2 /g, and the average^ surf ace. area of the 
,25. .. combination of high surface are i a : .ceria and, metal oxide being at 

least 10 rVg. - ■-«.:■=--.; . .! f- * : '" - r 

...The term "combination"- - when- used with reference to a 
combination of (a) bulk ceria and . <b) -bulk second metal * oxide or 
(c) the t foregoing and bulk activated alumina, includes 
30 combinations attained by mixtures or -b-lends-;©f (a) and (b) and/or 
(c) and supetimposed-idiscrete. laye~r-s"-of (a) 5 and (b) and/or (c) . 
"Zirconium-stabilized ceria" or "aluminum-stabilized ceria" 
: means ceria- : which has "been stabilized- a'-g-airist thermal degradation 
; by incorporation- thetei-n 'of '■ a : zrrconiurtf r of : ' : ah aluminum compound. 
35 As - -is well-known,-' high surface area : *ref ractory- oxides such as 
ceria- "and activated alumina - are sub ject tfcr loss of surface area 
(thermal degradation-)- ahci "consequent' 'reduction -in 1 - catalytic 
-efficiency upon prolonged -exposure- "to- high temperatures. a 
. * suitable cer-ia-stab-ilizatibn t-echnique is :; s-howh in ;: 'U.~S-. Patent No. 
-40- : - 4/-7.14, 694 of C.2. Wan, et" al . /"issued' -orr December 22; "1991, the 
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disclosure "'of '-whl'ch "is Incorporated '"herein . : As disclosed' in U.S. 
Patent No. 4, 7-14, 694, ceria particles are impregnated with" e.g. v 
'an aqueous 'solution of a soluble *a : lumiriuiTft compound" v such as 
aluminum nitrate, aluminum' 2 chloride, : aluminum -oxychl or ide, 
5" ^aluminum ^acetate, -etc; After "dryirig ■* and' calcining the impregnated 
•ceria in air it a : temperature ■ of , e . g". , - from' about SO'O^C to 600°C 
fo'r a -periodT o'f to -2 hours, the -aluminum 'compound impregnated 
into the ceria particles is converted into an ef f ective 1 thermal 
stabilizer for the ceria:- 
& - As-Indicated above," the" Balahce"* Point Temperature V X BPT ;,: ) is 

• • the - temperature * at' which"- -the '"soot burning rate achieved by the 
catalytic-* soot fi Iter * is "equal to the soot accumulation rate in 
the filter: • " = - I • - * - 



BRIEF DESCRIPTION OF THE DRAWINGS * " * : 

5 ' r: Figure 1 is a schema tic : drawing* of a- preferred ' embodimentTof 
: : t'he : present ihventibn v' :>: -' -* lJ - • *. . " , , - 

Figure 2 is a schematic - view ih" perspective of a wallflow 

- - cat& lytic' honeycomb i : • : - • : - 1 - v * ' " ' ' 

- " . Fig~u're -3- l r s a -'partial y 'sectional ~ view of the- ; elemerit i showing 

6 -the alternate^plugged channels; " '-' - ' " J ~ ' ' : - - - ^" 

• - " ; F i : g u r £ £ '4- - i s a - sec tl on a 1 r vi : e w of a p o r t "i on of -a- wall flow 

- - hoheydomb r: wall : : 5: ' : ~ '* : :a - : " ** : * ' ■. r - 

v . - Figure" 1 5 ; Is a -'schematic view in perspective-' -of a alternative 
wallflow catalytic honeycomb - - 

5 ~ : *" t - - Figure- 6 is' a' schema tic' dx awing ■* of a alternative embodiment 
: * : of ' th£ present i'n vent ion.*; ; '* ' * [ " 

:> ■ '- DETAILED DESORI PTXON OF THE INVENTION AND '-- 

. • . - *\ - . ■ PREFERRED EMBODIMENTS THEREOF ^ 

- v-r / ..Th^/^PP^F^tus and- related method of the-jpresent invention for 
Cu .oxidizing oxidizable components of., a gas-borne stream such as in 
:: dies^el engine , ( exhaust r will -be ^understood by those skilled in the 

. art by reference to the accompanying Figures 1 through 5 and the 
, ^.description provide^, in this specification. - /: . - 

- ... r „. ; , r ..The application-. pf, : the .. foregoing method is ^ of -- particular 
5- - „l.nte-rest : f or f Ijii.d streams .which- are gaseous, in nature . t Typicall y , 

. such gaseous streams are waste gas streams such, as internal- 
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2 ... ..combustion -exhaust,.- nitric : acid:, plant - -tail^.^gases , power plant 
exha,ust -gases and .other. . industrials exhaust ; gas-es which cause 
. , -.- -pollution -and /:: therefore , r their ^-discharge- into r the atmosphere is 
r undesirable .; Such : gaseous- streams . are comprised of undesirable 

• :5 , components- including: -those selected . from the group consisting of 

-ozone, - nitrogen, oxides-, ammonia, • carbonaceous materials and 
- ■ mixtures thereof . _ : - . • 

The apparatus is particularly effective with : regard to 
reducing the ^ -total particulates in,- the .exhaust gas streams, 
10- - : particular ly- : diesel. -engine 0 exhaust gas streams . The ..carbonaceous 

- , - ■ ■ particulates- ("soot";) : component ^qf ^diesel : engine -exhaust . is , as is 

■well—known, comprised of three-, pa-j.pr- components.- One component is 
r . , t relatively- -dry --solid-; carbonaceous ; . L particles and the. second, 
u-suaLly referred, to -as a, vpj at ile-- organic .fraction - ("VQF") also 
i- 15 : . referred to-- as a sol uble, -organic ; fraction- .:(-"SOF"J->:-- is a mixture of 
high ^molecular jweight -V^uid ; :j)hase : <: hyd-rocarhons. comprised of 
unburned and. -partially .burned . -di es el 3 fuel L and .lubricating oil. The 
third major component - is : the-sp-ca.Hed "syiif-ate" .. whicj^rpomes from 
oxidation product of ~ : sulfur in -the L fuel: SO^: which . in turn combines 
^20 -swith water in the exhaust to -f orm^condensable-^SO^., The -volatile 
'.organic fraction is-^ present :in ? the_ : dies e-1 ^exhaust ( .as„ either a 
, vapor phase -.or- a liquid - phase,:, ; or -bpth,_: : depending-, on the 
temperature, of ■ the exhaust. • .In- ^order^tp -reduce-., the total 
particulates discharged : so[ as to meet preserjt^and .impending 
25 Government regulations concerning . -maximum - allowable total 

• j ■ ■ ; particulates, the volatile organic/ fractipn, -or at least a portion 

. thereof, is oxidized! *tq innocuous ;t G0 2: -and HoQ by. being contacted 
■ .with -.an oxidation . catalyst under suitable • reaction conditions . The 
catalyzed , filter pan. burn - : o t Jfv trapped ;p^rticles .as. the. exhaust 
^ 30 -temperature increases to , above the . "li-g-ht-rPf-5" temperature of the 
catalyst. That is the temperature -/at . which . catalytic -combustion 
, : : - occurs. -The Balance Point Temperature „ .{ BPT) is - the . temperature at 
-which- the soot burning rate achieved, by; - the. catalytic -soot filter' 

- - .. ; is- -equal., to the spot accumula,tipn.-,r-ate ! inr-.tjhe; filter .' : >A lower BPT 
. 35 : is preferred. The . specif ic apparatus- . -of the ^present ^invention 

..enable lower* BPT'.s to be achieved, while ...efficiently - using -platinum 
. - -_ r group catalyst -components;.' \ v. - v '-' .-■ ."" 

- - - f - A preferred embodiment : .of -the present-, invention • provides an 
s .... - apparatus- comprising -a : catalyz-ed. filter .„* T.he .; eatalyz-e-.d filter 
; 4-o -vCompris.es a. .first catalyst^ .the ;first .catalyst comprising a first 
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• platinum" '-<grbup : inetal' a'hd ~ a : ^irst" cerium- ^omponentv 'There is a 
second -catalyst in- communication—with the f-'frst catalyst. The 

; " second ca'talys't : comprises r a second cerium :, c6mp6rient/-The catalyzed 
filter- - : can""be any - suitable -filter substrate. Fdr -treating diesel 
5 : engine, exhaust, the ^filter * -is -commonly- referred to -as - a -soot 
filter, with " a- -preferred * -soot filter comprising * a ""wall flow 
honeycomb substrate. The second catalyst is preferably -supported 
.on a flow through ^honeycomb substrate . -* v ^'^^ 
r ' ---"'A preferred- embodiment ■- "i : s— schematically illustrated by 
: 10 - "reference to* Figure 1-4 ^Exhaust -gas passes r; from v a diesel -engine 2. 
•The appa'r-atu's comprises' ^ -^ataUyzed "-filter 4-. The 4 - catalyzed filter 
: comprises- a ^f ir£t " c"atal-yst r > : the first "catalyst 'comprising a 

"•' "first platinum; 'g-roup-Lmetal vv ana" a f irst : cerium component! There, is 

• *- '' a" 1 ' second* "catalyzed---: e lenient : - comprising - r a^'second catalyst 6 in 

15- ' communication "with- : the" : first catalyst. The se confer "catalyst 
4 " -comprises a ■- -second . deri^lim- ^corriponerit . In the embodiment illustrated 
•in :, ' Fi : g : ure '1 -exhaust £ -|a-s^ passes 'from .the "-dies^l'-engine 2 through 
: <~ ' 'exhaust- gas conduit ; 8> - through catalytic- -element 6, to catalyzed 
.* " " ::! soot' filter 4'. - Optio r na'£ly >-- ; there^ can-be^ a section of exhaust gas 
--2-0- " conduit -'8'*-betwrfeft r: 'tR^ o ea-'6a'lytic element 6- and : the -catalyzed 1 sbot 
v filter* 8 . - Alternatively /^catalyzed ■ filter A -and 'catalytic element 
6' can "he-, ad jaceht" 1 to - each- other in . : a v djacent housings : ( referred?; to 
' ■* as" caris) -or i ad jac^'ht > to "-each* 'b-th'er within : the same housing. *The 
;:../.:> gas "'than^ passes f rom ■ the catalyzed ^system -to exhaust pipe lO^and 
-' 2% the-n into the-^erivir onmerit * - - " : - • - - - ' ■ 

. . t The* t a tal y r zed^ 1 filter -can -comprise any- -suitable filter 
-*"*,;■. substrate;"- Fdr treating : - diesel- engine -exhaust, - the filter is 
V.. -: co'mmo'rily -ref erf ed "t'6> "* as : ' : a- '-soot '--filter , with -'a preferred soot 
. f i Iter -"comprising a ^wall'f low' honeycomb substrate, -Figures'- 2 and 3. 

-< 3*0- 1 T-h e -■■ *s e c 6n d N c'a t a~l yst - is -pref e-r-ab 1 y s uppo rte d ' o n" a - "f 1 owt h r o u g h 
' honeycomb -substrate ,s -Figure A ' ' ■■ • : ' ' 

The- configuration- of "t'he 'apparatus' -can be varied'.' ■ Preferably , 
as -recited/ -the- "second- -Catalytic 7 e-lement : '6 comprising the second 
-catalyst -is I'bcated betwe'en -the -"die's el' engine 2 exhaust- outlet 3 
.--35 • "ancf. *• the ■ ' ; firs't '-catalyst '.of the catal yzed * filter '4. —In - this 
;*:.':: i ^ 'embodiment-' the- "second- '-catalyst- ---can be supported on a- separate 
substrate than the catalyzed filter* "such as f lowthrougH' honeycomb 
. ? - '"Substrate -/-Figure" : 4\ " Alternatively, as "shown on -Figure ' 5 , the 
:■'*." 'sec.bnd'catalyst can-be located 'at the catalyzed filter 50.;" In this 
: '40-' embodiment, the- "'catalyzed filter SO-'has an 'axial length extending 
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. from . an upstream filter end . S2 : Jt-o a ;3 downs-tr.e,^n. filter end 54. The 
* second .catalyst is located for at -least- part of the axial length 
5.6 -from the upstream.,end 5.8 ... .The .second, catalyst- can v extend for' 
. from about 0.25: to about 8 inches and preferably, from about 0.5 
... .5 to about 5. inches,, f rom,,the ,upstream. end . .The first catalyst can 
_ . . i ^ extend . for • at. . least part -of -the len.gth from , downstream- end 54 
toward upstream end 52 . There : can be a gap. between • lengths 56 and 

In yet ^another embodiment 7 the second .catalyst' can be- located 
„ , 10 ...downstream of. the first catalyst.. Reference- is made to- Figures 1 
and , 5 . .In corresponding embodiments elements- A and; 6 of - Figure 1 
. . are reversed, and elements 56 .and 5% o,f. Figure 5 are-reversed along 
. ... . . .exhaust- conduit . 8 .-, In this .embodimentthe -second catalyst can be 

supported on a separate substrate.- than .-the catalyzed filter such 
,1S as .flow through honeycomb ..substrate. Alternatively, the second 
catalyst can ..be located = at ; ~.the ^catalyzed f ilter / ; In this, 
embodiment, -the catalyzed. ...fi Iter .-has- ,an axial- length extending 

from an upstream, -filter end, to r a ;i downstream filter end ? and the 
. second .catalyst --is .located : f or at least, part of the -axial length 
-20 .. from -the downstream- enqj,. -The, second .catalyst can extend- for from 
. v about 0.25 to about . 8 -.^Inche^S; and., preferably/ - from about 0.5 to 
■ . , „ about, S inches., from, the : downstream end. ^ > • 

.. In yet- another alternative -.and r preferred- : embodiment 

.Illustrated in ■. Figure ; 6 r: .which ^has ,-• -reference. •« characters 
- .2 5 .corresponding to those of. -Figure 1 for ^cqrrespo.nding- elements , 
. r first catalyst composition : of : the L first catalyst useful ; f or the 
.. catalyzed soot filter ■ 4 '... comprises : a-, f i,rst - platinum- .group metal 
.component,.- a , first cerium, component- : and ? preferably., a first 
. .. .zirconium component. Exhaust, -gas passes- .from a diesel engine 2. 

,30 The apparatus comprises -.a .-catalyzed filter ; -4 . .The , catalyzed 
filter 4' comprises a first- : . catalyst, ~. the - first, i -catalyst 
comprising a first platinum «_group ..-metal;, and ■ a - first cerium 
. . component. -Optionally , and- preferably f : . this -embodiment ca,n be used 
, .the- -catalyzed soot f i Iter z 4 9 illustrated in Figure \-l In the 
35 r . embodiment illustrated ; in Figure : 6- exhaust ; gas pass.es.7f rom-; the 
. . , diesel engine 2 through ; exhaust gas conduit 8, .-through catalytic 
.-element. 6 ; to catalyzed soot f il ter . 4 ! ? -.The gas .-than ?passes from 
the, .catalyzed system ta - exhaust-, .pipe 10 - and. .then; into the 
environment. . .7. :.:•?,-:-. ' * : v . 
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■ r * In a : \iis"'eful "first catalyst composition the first* cerium 

component is pYefera&iy and typically deposited on the soot filter 
: t ; as a 1 soluble^ -s'klt ' such "as 'cerium nitrate* Also useful 'for . slurry 
' coating soot-filter* is'bulk ceria having ai BET surface 'area of at 
5 r least about 10 m 2 /g ahd the first [ metal- oxide is a bulk metal oxide 
having' a BET surface area, 'of at least- about- 10 m 2 /g. -The first 
r * *\ catalyst -composition comprises ceria and a metal- oxide in a weight 
ratio of from 5:95 to 95:5. Useful cerium components are 'disclosed 
,v u.s; 'Patent- Nds". ^''4,71-4, 694 and' u 5,051 , : 4 83 both herein 

- 10 - I; incorporated by "ref erence .'-* These include bulk ceria ,'' zirconium 
stabilized Ceria, dluminuiti r s£aBilized ceria ,' 'and ceria 'compounds 
- including rare earth metal : oxides sucfi ,; as lanthanum, -praseodymium 

-•*" and- nebdymium* compound'/" -The * latter may be- composites co-formed 

"'"with -the cerium- 1 component ; : ■ :; ~ - : ' " * " ■ - - v: " 

is • * The' 'first -'catalyst" can ^comprise at least one first "platinum 

—group -"'metal -component. Useful"' first platinum 'group coMponent^ can 
*~ "---be selected- from pTatinum/ ^palladium-,- ■ Vrfd rhodium coirlponentsii The 
: '- r first platinum - gf blip • components are r preferably present . in an 
amount 'of f rom "-"abbut- - 0 . 1 -tfo ~i2 : ao -g/ft?, -preferably : from about'^5 to 
- r 20 - ' 150** g/-f t 3 /- more- preferably :; f rom? about- 10 -to* 100 g/ft 3 'based on 7 the 

■ - weight "of : the- mfetalv -Where- the '"platinum group metal is platinum 

the preferred amount* -of pi atiriiim ^-component based oh platinum metal 
-* v. " 'is from -about' '10 to- 100 -g^'ft 3 - and "more 0 preferably from about 1*5 to 
75. g/f4:- 3 'f 62? v the ratal yzed- soot filter. Where the "platinum group 
' 25-' metal- 'is* pa-I-l-ad-ium- -the preferred amount of •palXadiMni' ''component 
* -" ba : sed- on' palla'dium metal is * f rom about 25 to ' 200 g/ft 3 and more 
"^preferably fronv -about < 25 - -to' 150 g/ft 3 : for : the catalyzed soot 
filter . -Mixtures*' of pl-atinum group metal 'components can be used. 
.-:-.! The _ "first catalyst -'composition can-' comprises -a- first metal 

30^* oxide - selected^ from : s'il ica,''' alumina , - titania,- zircbnia, *-'silica- 
J- 5 ' -alumina" and"- ceria -zircon i a-.' •■ 

: •* - — In the -embodiment illustrated in Figure 6 the' first catalyst 

■~ - comprises *a* f irsf'platinum- group metal component, a '""first cerium 

■ ~ component 1 - and preferably * a- 1 first- zirconium components -In this 
'35 embodiment- the*" -relative amounts of the* components' are present in 

*a". Weight ratio ; " from " 1-60% zircbnia'- based on "the weight of ceria 
: ■ ' *pTu r s zifconi, - preferably 5-50% and* more preferably " 10-4 0% . The 
■ ;. : ".total loading of catalyst-' -components on the soot filter 'substrate 

is typically present in the amount from abou€ /: 20 g/ft 3 to 2500 
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,g/ft 3 and preferably, -from -about S0 : - g/ft?; : : to;;i;l;&€0. g7f€ -and more 
rr .. . preferably 100- g/ft 3 tc^,15CL0 g/ft 3 . - . C1 . 

- : / , Generally, .within ,th.e* first -catalyst-, useful, as a catalyzed 
soot -filter the catalyst can -contain -additional other components 
.5, known for use in-catalyzed soot - filters^ s^ueh-. alkaline, earth metal 
oxides as : - disclosed : . in- -U.S. .Patent _ No-. 5 # . 1=0 0,6:3:2 herein 
. , ... incorporated by Reference-. .. . ■ ^ ; , _ -;-,= : 

Where a second - catalyst is, used .in --combination.: with- the first 
. catalyst, ...as -a .separate- catalytic- element or . as .part of - the soot 
10. filter, a preferred- second .catalyst composition -comprises. ; -:a second 
cerium component and optionally; a second platinum group metal 
. component. Preferably,, the second-.catalyst .composition- comprises 
-a second metal - oxide selected from- -silica r alumina; titania, 
zirconia, .silica-alumina, zeolite and ceria-zirconia,. 
15,,. In a useful second - catalyst .composition . the * second cerium 

... component ; is - bulk- -.ceria- having-; a : -BET surf ace.:,, area of:. at least 
about 10 m 2 /^ and - the^ second t metal ^ oxide. *is . a ! bulk-- metal oxide 
. having a BET surf ace area of at least about. 10-. m 2 /g . - The" second 
catalyst composition .comprises c.eria -ajid a .metal ox-id.e :in ja weight 
.20 ratio of from 5 :,95 : r to 95 : 5 . -•• ;: : - r ^ , -; ... •. . - 

The second catalyst can comprise at least one .second platinum 
group metal comppnent,- Useful second : platinpi; gjroup component can 
be selected f r om, platinum, .palladium,- - and rhodium components . The 
second platinum group components are, preferably present in an 
. 25 amount,.Qf from 0 . 1- to 2 00. g/ft 3 based/ jon the weight of .the metal. 
-. : Where- the second platinum group, ■ component', is; a.: platinum 

. .. - : , component in an amount from ,0 .1 to; 15, : g/f-t 3 , .preferably from 0.1 
• , to 3 - g/ft 3 , . more : preferably- ..• from -\Q to _ -5 ,: 3 g/f t ■■>■■■"- > yet more 
, - v preferably from 0.1 to .10 ,g-/f:t 3 - based on , the -weight ,of.the metal. 
.. . 30.- In -a useful second • platinum, group compo.n.e.nt; ..the ; second platinum 
component can-be -presentin ; an .amount -f rom ;.0 . 1 : -t*o . 0 . 5 g7:ft 3 based 
., on the weight .of . the -metal. ■ :/> : _ ;i : . : 

. Useful second, catalyst are, disclosed ..in U.S-; Patent Nos. 
. .4,714,694 and 5, 057, 483 both herein- incorporated by r.ref erence . 
35. : . : , Preferably, the second catalyst is;? designed for reducing 
diesel exhaust particulates emissions by. oxidation - of j the -volati le 
. organic fraction,, thereof, :.Th.is- can - be .-attained by a catalytic 
material which comprises a. cerium • .component-. ■ Preferably, the 
.: c ? r A uin .; component is, combined- as a- . mixture ;wittv.: one.- or more 
40 selected second metal oxides. The basic and novel characteristics 
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"of the * : second : catalyst of - the present invention are believed to 
reside in the use of the ■ defined combination Sf, 'ceria and 
" ■. - preferably the second - metal oxide"" as 'an oxida-tion catalyst without 
the addition b-f platinum •' group metal* components thereto. However, 
■" 5* a" indicated above" an-d-iri the cited ' patent : platinum group metal 
*-f components can - be -included as paxt of the second catalysts 

Preferably, but not necessarily, ceri^a as well as the* second 
' - '-metal'- oxides, are in 'bulk 1 form, " and preferably have^a surface area 
? "of at . least about TO— nr/g , : preferably at least about 20 nr/g. For 
10' example the * bulk ceria may -Have : a siirf ac*e * a'rea of frbm about : 70 
*•■ :■. to: 150 "m 2 /g . • The -" combination * of -ceria and the second metal ' oxides 
. ' should- have "a BET' surf ace "area of 10 m 2 /g or" higher. Optionally, 
Up to ' about 90 percent by weight', 'e.g./ -from about 5 to 90 percent 
by weight,- -"of the" --total- weight -of bulk ceria,- second metal -oxide 
.T5- and activated alumina -may " : be * provided by the' -activated alumina, 
- . -which may --have-'- a" BET -surf ace'area of 10 m : 7g- or higher, preferably 
.*: - at "least about -20^ : m 2 /g, : e'**g-.' : , -a* 1 surf ace : area of from about 1,2 0-*"- to 
" i: 180 rcr/gv When -alumina * is present-,- each*'of the ceria, : - alumina and 
: * other -metal oxide *is 'pre'f-erably' ^present r in • the ^amount of at . least 
20 about 5 percent by weight of the"- total" weight - of metal" oxides 
-,.7C present.;'^'- ."".s-.- rs: ' " : . 

- . - - y ■■■'A ' catalyst- composition^ L 'i-n*"' accordance : with : the present 
V : "inventibn : -eff-ectively- -catalyzes the oxidation of the volatile 
. organic fraction" so as- to ■provide a significant - reducti on ? in total 
"25 particulates ■ in" diesel : engine ■ exhaust and' -exhibit's good 
7 r 'durability, / that is,; long life 7-^1 1 : shbuld*be noted" that the prior 
; v. art generally c'on'siders" refractory base metal "oxides* used in 
: diesel oxidation catalysts to-, be- merely supports for the dispersal 
thereon : ~oi r catalyti call y active " metals -such :; as platinum group 
.3.0 . 'metals.- In ^c'on't'ra'st", the ^present- invention te aches'* that a ceria- 
second metal oxide' catalytic " material- 'consisting essentially of 
only bulk ceria and one or more • selected" 1 bulk 'second metal oxides 
\y . which provides av mixture of 'sufficiently high' surface area, e.g., 
•-- -at least 10 -m 2 /g/ 'preferably at least 20 nr/g, - and dispersed on a 
35 -* -suitable, -'carriers -provides 1 *a- : - '"durable • and* ' effective diesel 
;■ - ... oxidation: catalyst . * . . i -* .: : v: t 

. " It has' 'fu'r-ther" been found that' beneficial' : effects are 
'/attained in' *s:om'e; :ci*.rcumstance-s by the. optional' incorporation of 
-7- : platinum .;or -pa 1"! a-d i urn in the* - second - catalyst : " compos! t ion . The 



BNSDOClD: <WO- 002&72eA1 I > 



, v , WO 00/29726 -18- - PCT/US99/26037 

.platinum can, be present ...at., ^loadings, mucft^ lower : than those 
. conventionally^ used., in. oxidation .catalysts . 

..If a catalytic metal such.as platinum is added. to the 
_ catalytic composition, it serves ^ to . catalyze, thie oxidatioji of gas 
.5. phase HC, and CO, pollutants as an added benefit. .However, such 
.. catalytic _ metal "is not needed to supplement, the -action -of the 
ceria-second , metal oxide . catalytic material-, in reducing total 
particulate emissions. The catalytic, metal, be platinum or 

: palladium, . does not appear . to - play a role in ... controlling 
10 particulates in that ? the quantity or. type, of metal, (platinum- or 
palladium) . utilized in the catalytic . material -. : does not 
* significantly affect. . the rate of particulate's conversion. 

The second catalytic element . .catalysts, of the present 
invention may, take the .form of,, a carrier or substrate-, such as a 
15„ , monolithic honeycomb structure . (a TJ body . having ..a plurality of gas 
flow passages . extending therethrough)^ onto which i? applied a 
coating of .the catalytic . material., .comprising a- ,mixture :: of high 
surface area ceria, .and • one., or. ..more., second metal oxides and, 
t . optionally, activated alumina .. and, , optionally, ...platinum or 
20 .palladium. The preferred substrate - is, a. flowthrough honeycomb 
.... ..substrate...^ As, . discussed below, . discrete^ coatings . of , the ; ceria, 

se.cond metal, oxide and alumina may be employed. : 

.Following is a general method of prepara.tlpn of- the -catalyst 

^ composition which can be applied to embodiments , ot. the first and 

25_ .second catalysts. The. ceria containing ^catalytic materials, of -the 
, present , invention may be prepared, in the form of. an^agueous. slurry 
of^ .ceria particles and other components such as. metal oxide 
- particles, the . particles optionally being, impregnated with the- 
platinum or palladium . catalytic metal - component , if. : one is to be 
30 : utilized. The. slurry is . then applied to- the. carrier , dried : :and 
. calcined to form a catalytic^ -material -coating ( "washcoat" ) 
thereon. Typically, . the ceria and. second metal oxide particles are 
mixed with water and an acidifies such - as : acetic acid-, nitric acid 
or sulfuric acid, and. ball- milled- to a desired -particle size. 
35"., - . T^xe -optional catalytic, metal - component,. -e-.g . /: platinum or 
palladium, is, when -.used, ^preferably ".dispersed on the ceria 
particles or., on the metal oxide particles-, : or. on both the ceria 
and. second .metal '.oxide part icles . If . activated alumina- is present 
as part of the combination of .the. catalytic- .material, : . some or all 
40 ..of the catalytic metal • component may be^ dispersed on -it.. .:In -such 
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• v cases,- the* ceria 1 and/or''' second metal oxides and/or ' activated 
alumina act as b*oth r * as- a r catalytic*'material*" and' a support" for the 
optional * catalytic nfe^al * component : ' * Such incorporation may be 
: carried out -after the ; cerxa-second metal oxide 'catalytic' material 
■ ; 5 is coated as a -Vas r hc : 6at onto- a suitable carrier, by impregnating 
the coated carrier "with a solution of a compound of the "metal, 
followed by drying arid cal-cinatlon . ' However;™ preferably , the ceria 
: paf tides or • both the ceria and metal " oxide particles are 
r impregnated 'with a compound 3 of the--' platinum or palladium" catalytic 

- 10" "metal" before a cSating of "the* ceria second metal oxide catalytic 

materi-al -is -applied -to - the carrier 1 . In either case,* the optional 
platinum' or' palladium metal niay j be added to* the* ceria-metal oxide 
' catalytic 'material ' as ; a solution -of a soluble compound of the 
metal, the solution' serving ■ to' impregnate the ceria and metal 
15 ■ oxide * particles'-, r;: which ■ may "then * be*' dried and the' platinuitf " or 
' palladium- fixed "thereon: : - Fixing may -be carried out by calcination- 
or by treatment : with- hydrogen- sulfide or by other known 'means, to 
'render the* metal : in water -frisoluble form'. " " : * : '~ ' ' *r " 

- -* • -Generaliy, the slurry "of- ceria -and •' metal * oxide particles, 
T '20 -' and activated alumina- if' -present , whe the x- or not impregnated* with 
the- ; platinum- or ^palladium metal *: sal t solution, willbe deposited 
upon the carrier '-subst r a te ! - and ciried and calcined to' adhere the 
"catalytic r nra tie rial- *tb the carrier and- , when the catalytic metal 
" -compound- is' preseht *t:6 revert- the platinum of palladium' compound 
" r -2S- to - the " 'elemental metal- : or its oxide. Suitable % pl'atinuiri* * or 
pal 1 ad ium : compounds -for- use^ in the foregoing process ~ "include 
potassium platinum'' chloride , 'ammonium "platinum thiocyanate, amine- 
" solubilized*' platinum hydroxide, chloropiatinic acid,* palladium 
'-• '"'nitrate,- and'" palladiuin-* chloride , • as' is well' known in' the art. 
^-30" During calcination-, ; or -at least during 'the' initial phase *of use' of 
; " - : "the' catalyst, r 'such Compounds/ if "present; - are converted i~nto the 

- ■'• catalyticaily Active elemental metal -or its oxide. 

.v t* ; in "an' alternate' "'catalyst ' composition design, ''separate, 

• a " discrete • layers' -of bulk ceria,- 1 bulk metal ' oxide' and, ~ { optionally , 
: ' 35 ■ ~bu-lk : activated * alumina ■ may be employed . These -discrete layers "are 
appliVd as' 'separate coats : super imposed one abbve the other on the 

- **• - ; " 'carrier. The" 1 order of * appl ication 1 -' of such discrete * layers is not 
: * — : -.important •• and"' each" -layer "-(of - ceria, second me tai "" oxide and, 

> optionally ; ' 'activated- alumina)' may comprise ' either ' the first- 

-'4 0'"' -applied of ' ''inner • 'coat or 'layer,' the last-applied or outer coat or 
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. r; layer or, if,. a third . layer - is^pr.esent , the -intermediate layer or 
_ ; ... po$t. More .than three, layers^ may be.used,,. e.g. , .a> layer of -a given 
...material jnay .be repeated or .two, or, more of the second metal -oxides 
may be . present -as discrete layers of different- second -metal ox- 
5 ides. When a catalytic, metal is .present in -a- catal-yst- composition 
in which the catalytic material, is present in- two or more discrete 
, layers or coats of materials , ./the catalytic- metal may be dispersed 
. , in .any one or more of ...the.- discrete- Layers or-coat-s. 

.When the catalytic material .is^applied as a-.. thin qoating or 
10 coatings tp a suitable, carrier,, - such as described -above, the 
proportions of ingredients are conventionally expressed as weight 
of material per unit volume of catalyst, as this measure 
accommodates the presence of different- sizes . : of catalyst- 
_ ( composition yoidp provided.^ by. different .carrier wall-thicknesses, 
15 gas f^ow passage dimensions, ete.^Grarns per cubic inch- {!;g/in 3 ") 
units are used to_ express the . quantity, of , re 1 at ively- ^plentiful 
components .such as the c e r i a~-me t.a 1 oxide catalytic • material , and 
grams per cubic, foot ( "g/f t 3 r ".)« , units are used to ..express the 
quantity of the sparsely. used ; .ingredients , -such -as the, platinum or 
20 „ s palladium metal . 0 Fpr. typical , : d^ se i . -exhaust -applications, the 
ceria-second , metal, oxide ~ cat alyti ; c r , material- of the— present 
, , invention generally, may, comprise-, -from. -about : 0 .-25 -.to _ about 4.0 
g/in 3 , preferably f rom r about 0.. 25-to about 3 ; ^ ; .g/ r in 3 of' -^the. v coated 
"carrier substrate, optionally .-including,:- from- -about - O-^to : 25 , pref- 
25. erably from about 0 to 15 g/f tf*. p : f v pl-atinum ■' or ;P tp.2 00.,- g/f t , 
, preferably from about. 0 .to 1-2-0 .-.g/ ft 3 of palladium.— 

Generally,-, other ingredients may^ be.^ added to the ..catalyst 
composition of the present invention s.uehu as ■ conventional .thermal 
c stabilizer?, for the activated alumina -whe^n it .is : present, e.g.,' 
30 rare earth metal oxides such as- ceria.-- Thermal stabilization of 
high surface area ceria and- alumina. :to . militate . against phase 
conversion to less catalytically effective. low -surf ace, area forms 
is well-known ■ in the art - although,;;-.^ noted-- abovev ^thermal 
stabilization of alumina is .not usually- needed for diesel -exhaust 
. 35 servi.ee. .Such thermal stabilizers.^ may *be. : incorporated 'into the 
ceria (.or .activated L alumin ; a-, when _it,-is .used.)., by .-impregnating v the 
particles . with, e.g., a - solution . of . -a . . spl-ub l,e ■ 'compound- -of the 
.stabilizer petal, . for example, an . aluminum ^nitrate solut ionvin the 
case , of stabilizing the ceria, and : .then- drying and,; calcining the 
40 . impregnated ceria tq- convert . the . -a lymi.-num nitr-ate, impregnated 
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" • therein -inter 1 -alumina . In f; 6he *embociim£nt', the catalyst composition 
" : - ■' of ' the present ■ invention consists K - Essentially ' only*'of the high 
~ ' '-'surface area' beria and"- high surf acfe "area second metal oxide, 
preferably present- in a -weight 'proportion of 1.5:1 to '1 : 1 5 with 
-5 - or without ' thermal * -'staBilizers' 4 '' impreigna^ted therein, and, 
* " ■ -optionally, platinum i~n : a limited amount 1 - or palladium*. The" basic 
---•'and hovel char act'eris-t i : c of' ! t T his- invention in believed to' reside 
in the usV "of * the"— combined "• ceria and second* metal oxide as a 
1 ■ • **• catalyst without necessity of -'th£ ^-inclusion*" of precious' metal of 
~-l0 - other catalytic metals except the optional inclusion of platinum 
-~*-or palladium-. + " - -■ 



. - = The Carrier (Substrate-) : - ' ■■ • " 

■' -The carrier -used in this invention- should be relatively inert 
with respect to the 7 catalytic composition dispersed thereon. The 
15* ^preferred carriers are : -comprised of- ceramic^like materials such- as 
> cordieriteV^ a -alumina, -silicon ' nitride, : ' zirconia/ mullite, 
spodumene, alumin'a-silica-magnesia or zirconium silicate, or 'of 
"' refractory metals . -such r as r - stainless" : steel . The carriers are 
preferably-, of ' the : type-sometimes referred to as honeycomb 'or 
20- monolithic carriers; comprising a \m'itary 'cylindrical body having 
>• a plurality of fine], 'substantially parallel " gas flow passages 
' extending —there through and connecting ' both end-faces of the 
-„.-.-,. carrier to- provide a- "flow-through" type of 'carrier. (See Figure 
) Such monolithic -carriers 7 -may contain up to about -700 or mdre 
25 flow channels- ("cells") per^square inch of cross section, although 
" r . * far fewer bay L be' 1 used. For- example, the carrier may have from 
-•■ about - .7' -to - 600, more ; usually <* from about 2 00 : - to' 400, cells per 
.~ square inch * C'cpsi ") i - Flow-through carriers 1 are preferred as 
" "Substrates for' the' second catalyst. .. . v 

- 30 .:*" Figure 4 illustrates- a flow-through 1 - honeycomb 10 which has 

- a plural itv. "of "channels ; 12 . The '* honeycomb has an' inlet 1 end 14 and 
T-* • -.an outlet end 16. Each, channel' 12 : is open at the inlet side 14 and 

*- -.-open- at* the- outlet side 16. Gases passing through' "the" honeycomb 
.indicated by arrows l-8"> enter : through - inlet end 14 and "exit from 
•r 35 . outlret"-e'n-d' 16*. The- gases' 'pass -through the channels 1 12 . The 
channel's -have' -channel ' walls -20 ; The channel walls "20 are coated 
J . \ ..with :a I layer - of ■ catalyst composition 22 applied as recited above. 

The catalyst- composition-* is" on each side of the charfhel walls 20 
-j so that each 'honeycomb ■channel" -is' coated wi th -'catalyst . The gases 
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^passing through the*. honeycomb contact the ., channel -by -disusing 
into - the. catalyst surface. : in a „. direction perpendicular to the 
■- • direction of ; f low . : - - r : - . ^ . _ 
. ,,,,, . Wallf low carriers., .which;, are, illustrated in Figures : 2 and 3 
5 are generally similar in structure to ; f low- through carrier^ w .ith 
- -the .distinction -that each -channel is blocked at one- end of the 
,. carrier b.ody, -with alternate channels- blocked at opposite end- 
, --- faeces.., Wallf low -carrier .substrates and the ■ -support -coatings 
deposited .thereon are necessarily por-ous,_ as. the, exhaust must pass 
10 . through the walls of the carrier, in order to exit the carrier 
structure. Wallf low. carriers : ar : e preferred as ..substrates, -.for the 
. catalytic .filter which acts as a- substrate... for the-- first catalyst . 
, . . As- indicated above- vallflow article means and -includes 
conventional . .filter type articles- of the -type made from 
15 cordierite, mullite, alumina and/or other refractory - metal ..oxides 
■ conventionally used -for this purpose.; The element may be formed of 
• , any porous material, which is : able ; to r withstand the environment (s ) , 
particularly high temperatures , : encountered in treating the fluid 
streams of interest. In the ^practice^ of ■ the . present invention, the 
.. 20 catalyzed filter- : is .placed -in ^a, -housing, which directs the fluid 
stream to-be- treated- through the £ inlet tp -the inlet side of the 
element. . The fluid passes- through r the-~- porous ^ wall -comprising a 
catalyst -to the-, outlet, side -and . out • of the outlet . W^llflow- 
-catalytic filters, useful for the purposes;;- of- this- , invention 
25 include thin, porous-walled honeycomb (monolith) ; -or foam 
structures through which the fluid stream passes without causing 
too great an increase of bac-k .pressure or pressure drop across the 
article. Normally, the presence of a clean wallf low article will 
■ c create -a backpressure of 1 inch- water .-column, to 10 - cpsi . Wallflow 
30 articles can contain slotted channels -separated by parallel - walls , 
. sinusoidal channels composed of alternating, flat and sinusoidal 
.sheets, or parallel- channels .haying, rectangular .square circular, 
- oval, .triangular, hexagonal >: or other -polygonal . cross : sections . 
Preferably, wallflow articles- of .this- type, -comprise a .plurality of 
35 square channels with between 8 and 600 channels- per, square, inch of 
- cr.os-s ..section, a wall -thickness of : between 0.-002 and 0.1 inches, 
and- a water absorption pore, .volume of- between- -10% and , 70% - by 
weight. Preferred configurations are . between 50 and 2,0.0 ; channels 
per. square inch, a . wall thickness , of ..between 0. 007 .and 0.03 
. 40 - inches., and;a -water absorption pore volume -of .-between -15% and 50%. 
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Particiilarly- £i usef ul .fof the purposes -"of -this invention -are the 
variety of -prior art"' die'seT engine"* -exhaust particulate "filters 
which may be catalyzed. U.S. Patent No. " k } 32 9 , 162 "is 'her ein 
- - ~ incorporated by- reference 'with 1 respect"- to the - disclosure of 
' .-<' -5~ Suitable filter -elements . : ' ' " r "~ - ■ - -* r ' 

■" : * : ■ The porous : ,' wailf low 'article used in " this invention is 
-r....s r cat*al-yzed : in that :; thef : wall -of- said v ' eTement^ r has thereon or 
V- contained- therein"* one r or 1 more ? catalytic materials . Catalytic 
' " "materials- may '-be present" 'on the^ihTet -side o"f 1 the "element wall 
z 'i6 L alone", the outlet side alone, Both the inlet and outlet sides , - or 
"the wall • itself ma"y consist- "'all 1 / : of' in* pairt-/ of the 'catalytic 
fc ' " material This invention "includes the use -of one of more layers of 
catalytic' materials - ahd "combinations " of 6 he of more layers of 
" : - catalytic materials' oh the inlet ' and/or ■ outlet walls of the 

-15 • element:-' - - * r " * :z " : • ' -' - — : *- * ■ 

: • -■ ~ • Figures" 2- and '3 - illus'trate"- -a- Schematic view of a wallfiow 
' 'honeycomb 1 article 30.- Alter n*ate* : channels* were plugged at' the iniet 

- with iniet- plugs 38 -and' -'at- "the outlet -with- outlet plugs 40 to fdrm 
■ - r * opposing checkerboard patterns 'at ' the- inlet 34 and outlet 36. ^.a 
; 20 - gas stream" 42" enters -''through ■ -the -uhpiug-ged channel inlet 44, -is 

•'- " stopped' by : outlet plug- -3 : 6 ; and " diffuses through' channel ' walls 33 to 
?: " : ' r thei i butlet L side "46 . - The - gas -cannot*- pass back * to the inlet -side ?pf 
■' walls 33 . because - of " inlet" -plugs 38. As shown in Figure 4, the 

- : - 7 i -inlet —side 1 ' 48* 'of ^wail :; '33 is coated- with" a pbrous £ catalyst 
; '25 composition^ *' ' • \ - ; : - • ' " ' - ; * :: '• . - ' ' • - ■ 

- : w-:-:-: - - "EXAMPLES " ? '* "* * ' — 

'* - - : - jJ --Several" examples 1 • of -' this invention- -have "'-been-' -reduced to 

• -~ practice 7 in ah -exhaust stream-in 'the form^of -fuli s i'ze - catalyzed 
' : '» sbbt -filters : - with - a flow-thru ? ' oxidation 1 catalyst - located in the 

. : 30~- exhaust- stream "'between "the 'engine and "-the fiiter. "This system has 

• - ■■■ ! - ■ -been'' tested-'ahd - evaluated' in- ' engine tests under controlled 

" - cohditions - to ' "determine- performance. The samples- ahd -the test 
*• ' - results aire, descr'ibe'd below. *- * ^ . 

• ---•-*■":- : ■'' The test program 'was - conducted using a Cummins 'L-IO : (10 liter 
C -35 displacement )■ engine-. -This -engine, MY' 87- was representative, of 

" ' ■'• blder bus engines) e.g-. : ; pre-Euro -I {1993) : ih'' '-Europe ahd gave 
* - total- -particulate'- emissions -of ca . 0.5-0.6 g/'bhp £ hr : over the U.S. 
'HD Transient ' : Test .- -This' engine was used to conduct Balance Point 
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Temperature (BPT) measurements on the .test saipgles^ a description 
, Qf the test protocols and method of determining BPT for a sample 
follows : 

1. At the beginning of the test obtain a pressure drop across 
5 the trap range for , a fully regenerated trap at rated power. This 

delta P range should be a reliable average of several tests of the 
same type of substrate measured on a fully warmed up engine at 
rated power. This delta P value serves as a reference point for 
all further BPT tests. It is important that each substrate be aged 
10 prior to the delta P measurements. . 

Test protocol: 

2. Engine warm-up for 3Q minutes . 

3.. Measure trap delta, P at, rated power. .If within the clean 
range, proceed with the trap loading, procedure, v . ( If. de.lta p ± s too 
15 high, then proceed with the regeneration, procedure. This is 
necessary in order to ensure good test-to-test repeatability. 

4. Regeneration procedure: . , - - 

Regenerate, a trap at peak torque,, then verify , delta P 
according to Item 3. If necessary, continue with the regeneration 
20 process. Duration ,pf„ regeneration may. vary depending , on the trap 
history . 

5. If the delta P is within the clean range, -then .Log,, .all of the 
engine parameters, to make sure ^that the engine still operate 

.. , properly (no shift in performance) . ...... 

2 5 6 . Trap loading, procedure :. . . 

We are loading trap _,at 17 6- f t-lb « @ , 2 100 -rpm {approximately 
25% of_ throttle) for 20. minutes. Other- conditions can-be used as 
- long as exhaust temp. ..at the r trap inlet remains -below- 600 deg.F. 

We log and report .delta ■ -P : at the beginning - and at- the end of 
30 the loading process.. This provides relative - indication to the 
amount, of^ soo-t, loaded,,, which is. important for" proper 
interpretation - of the test -results., .as amount -of spot; may affect 
BPT. In our case at ETS , typical increase of delta :: P during* the 
loading session is 0.05 psi. 
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7. BPT * teS'fc" procedure : 

We "always run a BPT " test' In five' incremental load 
steps (approximally 20 deg C increments), where the step 3 is about 
at, 1 & 2 are below, and 4 & 5 are above the anticipated BP 
5' temperature " This ' represents" our best effort to~maintain the same 

soot load 'for different traps tested. However*, the 1 '* engine loads N s 
may" vary clue to various BPTs~ ancT so does the aifiount of soot. 

This approach requires "so called 'pre-test, which basically 
involves preliminary defining "an anticipated BPT value"' (usually a 
" 10 short BPT 'test.' ' ' " 1 '' * " 

Duration of each load step is 10 minutes. Delta P during "'the 
last 6 minutes is used to calculate a trendline slope using linear 
regression. Each slope value corresponds to a certain exhaust 
temperature. This gives 'us 5 ^data points. ' * ~ * 

1 * 15 8V The whole procedure' starting ' with " the ' item 3 has to v be 
- performed three* times. This ; "gives' us for a' total of 15 data points 
(slope vsV temperature*)'.' J ' " <-.*.. 

9. Data treatment: 

We plot all 15 points together" and run " a linear regression 
: 26 trendline . * The BPT is determined at "Zero" * sl'ope . ' 

• Description "of Flow-Thru Catalyst Compos itions r *" 

This catalyst was comprised of 200 g/ft 3 Pt on bulk gamma- 
alumina "('2 .5 'g/in 3 ' )"r * - ~ ' i J ' . - . 

— This*" DOC #"2 catalyst was comprised' of 5. 0^ g/ft 3 Pt on bulk 
gamma-alumina {0.83 g/in' 3 )* : , °plus bulk zrrconia-stabilized ceria^ 
(0.83 g/in 3 ) plus bulk iron-exchanged beta zeolite (0.82 g/iA ) . 
Total loading of non-Pt washcoat : 'cbmponents' "Wa's 2\ 5 g/in 3 . 

■ - ""This : d6c #3 catalyst was comprised -of -0.5 g/ft 3 Pt on bulk 
gamm'a-alumina '■ * ( 0 --8 3" "g/in 3 ) , - plus bulk 1 zirconia-stabilized ceria 
"(0:83^ g/in 3 )- -plus bulk -iron-exchanged ~ Beta "zeolite (0v82*g/iA ) . 
Total" loading'' of' nbn-P"t washcoat components : was" 2.5* g/in 3 . 

-"■■The CSF fr-2'sbot filter substrate was- catalyzed with 5'. 0 g/ft 3 
Pt -and 500 *-g/ft 3 CeO : . Both ■ components were- applied' to-' the soot 
filter"* substrate --via- '-solution - impregnation with * soluble 
precursors^ * ' :-*..-'■:.: — . • . , 7 .»* 



25 



30 



•i* ■ 3 5V- 
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The CSF #3 soot, filter. . w.as.. .catalyzed with. 5,0-. 0 g/ft 3 Pt and 
500 g/ft 3 Ce0 2 . Both components were applied to the soot filter 
"substrate via solution, impregnation ^ with soluble precursors. 

...-.-{Ehe: CSF #4 soot filter was- catalyzed with- 65.6 g/ft 3 Pt, 500 
5 g/f t 3 -CeQ 2 ~.and; 2 50 g/ft 3 cZr0 2 . These components were applied to the 
soot filter substrate via solution . Impregnation with soluble 
precursors-. iThe Pt'was distributed as v 5.0 g/ft 3 uniformly oyer the 
soot filter substrate and . the balance^. deposited in a separate step 
to a depth (length) Pj£„„.ji '^Jin^ (face,) of "the 

10- ' spbstra.te This provided ■ a ...Pt^enriched' end . - ■ 

The. CSF #5 soot f ilter^wa-s- catalyzed with- 5-0-rO- g/f-t 3 -- Pt, 500 

g/ft 3 Ce0 2 and 250 g/ft 3 ZrO^ . The components were applied to the 
•; soot filter substrate via" solution "impregnation with soluble 
precursors. r.„._ ■ _ 

: 15 The csr"#6 "soot * filter" was "catalyzed with' '5.0 g/ft 3 Pt,~500 

*g/f t 3 CeO, and 150 g/ft 3 Zr0 2 . These' components were applied to the 
soot filter substrate via' solution "'impregnation' ' ' with " soluble 
precursors. In addition, a" washcbat slurry was applied to one end 
of the soot f ilter* "Substrate ' to "' a' ' depth " "*( length ) of ca. ' 4"' inward 
20 'from one face of" the substrate This* washcoat ' was ' comprised of 
12.4 wt% .'Pt "on ' gairuha- alumina and was deposited on the one" end of 
the' "filter "substrate "to "result in" a 'Pt" loading of "60.6 g/ft 3 
equivalent r' Thus; the total Pt loading '' on' the CSF was 65.6 g/ft 3 . 

The CSF'JP soot 'filter" was 'catalyzed with 200 g/ft y Pt, 500 
25' g/ft 3 ' Ce0 2 and 250 g/ft 3 Z rCX> . The components ° were* applied ' to the 
soot filter substrate via solution "impregnation " with soluble 
" precursors.' * . - - - - - ^ ■ w 

The balance point measurements were run at three speeds on 
'-the engine "(1300, 1700 &~2100) and incremental load steps were 
30 ■ used to attain different" exhaust temperatures, 'iff "this way a range 
of conditions under the 'torque* curve of" the engine were evaluated. 
The lower speeds (1300" & ' 1700 rpm) are' probably more 
■representative of bus duty cycle, whereas 2100 rpm" represents 
rated speed for the engine..' 
35 " Seven of - the soot filter ' 'Examples used' for the tests are 
described in Table I, below: ~ - 
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Table" I s - Diesel" Soot Filter Sample Designations 





Sample 
No. 


' Soot Filter 
Catalyst Composition:; 


Pt Loading 

- (g/ft 3 ) . 


Comment 






* htotie" ■. ■ ~ ' ; . 




Unc-atalyzed Soot Filter 


5 


2 


Pt/Ceo 2 \ 


5.0 






* 3 


Pt7ce0 2 " ■ ' ' ,v * 


"50.0 






4 


• ■ Pt/Ce0 2 Zr0 2 - , „ £ 


- .65.6 


Pt Enriched End (4") 




5 


Pt/Ceo 2 Zro 2 


50. 0 








- Pt/CeOjAl^OjZrO'j ° : 


65; 6 


w-aVhcoated End ( 4 "') 


. 10 


. 7 


Pt/CeO 2 Zx0 2 .. 


-200.0 






Note: Soot Filter Substrate;,- „Corfiing Gordierite Wall "'Flow,- 11 . 25" - 
dia. x 14.0" long/ 100 cpsi. 



The catalyzed soot, filters (CSF). were prepared by solution 
impregnation of the soot filter substrates. Soluble precursor 

15 salts of platinum (platinum amine f salt)^, _ .cerium . salt (cerium 
nitrate) and zirconium _salt as zirconium acetate. Where alumina 
was used, it was a glatinum a-alumina slurry, in Sample 6. The' CSF 
#2^ soot, filter substrate ,was catalyzed' with 5.0 g/ft 3 Pt and 5.00 
g/ft 3 Ce0 2 . Both components were . applied., tp the soot filter 

20 substrate via solution, impregnation with soluble precursors . 
Examples 2 and 3 were catalyzed with . Pt. and. Cep 2 . and varied in Pt 
loading level. Examples 5 and 7 were catalyzed with an improved 
formulation..based on Pt/ CeQ 2 . and ZrQ The ZrO. component was 
included to achieve better catalyst . activity and stability. These 

25 two CSF' s again varied 'in, Pt loading level. Example 4 also 
contained Pt, ^ CeO, and ZrO ; however, the .Pt on .this CSF was 
distributed as 5.0 g/ft 3 fairly uniformly over' the soot filter 
substrate and the balance of the total Pt loading was concentrated 
in the 4 inch length of one end of the .soot filter substrate. All 

30 the Pt in Example 4 was applied via solution impregnation. Example 
6 was solution impregnated with 5.0 g/ft 3 Pt, plus Ce0 2 and Zr0 2 in 
the same way as Example 4, but the .balance of the Pt. was .applied 
to the 4 >nch length of one end as a Pt/Al 2 0 3 /Ce0 2 -Zr0 2 .slurry 
washcoat . ...... 

35 Three flow-thru catalysts used .in the tests are ..described in 

Table II below: 
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Table _ Flow-Thru Catalyst Sample... Designations 



Sample 
. . No-. . 


Catalyst 
Composition 


Pt Loading 
. . (g/ft?) • 


r , ~ Comment . - 


. Cat Ml 
DOC #2 
DOC #3 


Pt/Al 2 0 3 : ' 
Pt/Al 2 0 3 Ce0 2 
Pt/Al 2 0 3 Ce0 2 


.200. . 
5.0 
0.5 


NO : to N0 2 ..Catalyst- . . ■- 
Diesel Oxidation Catalyst 
Diesel Oxidation Catalyst 


Note: Flow-Thru "Substrate, "Corning . 9'. 5 V di a . x 6.0" long/ 300"""cpsi . 



In Comp #1 the "first "flow thru catalyst '(designated Cat #1) 
was comprised of a high loading of Pt on gamma-alumina^. This 

10 catalyst was comprised of 200 g/ft 3 Pt on bulk gamma -alumina (2-5 
g/in 3 ). This* catalyst " is a strong' oxidation cataiyst which has been 
reported to be effective for soot burn-off and thereby filter 
regeneration. This catalyst was' placed upstream of uncatalyzed 
SF#1 (Table I) as a control sample. The Comp #1 sample required 

15 'that it be run" on the" engine" with ultra low sulfur fuel (<50 ppm) 
because of the inhibition of the catalytic NO to N0 2 oxidation 
reaction by the SOx in the exhaust and as a result inhibition of 
filter regeneration." The other' flow "thru catalysts (designated DOC 
#2 & #3) were diesel oxidation catalysts which are effective for 

'20 VOF conversion. This DOC #2 catalyst was comprised of S.b'gVft 3 Pt 
on bulk gamma- alumina (0.83 g/in 3 ) , plus bulk zirconia-stabilized 
'ceria (0.83 g/in 3 ) plus bulk iron-exchanged beta zeolite (0.82 
g/in :i ) . Total loading of non-Pt washcoat components was 2.5 g/in 3 . 
This DOC #3' catalyst was comprised of 0.5 ?/ ft " pt - OT ? bul'k "gamma- 

25 alumina (0.83 g/in 3 ) , plus bulk zirconia-stabilized ceria (0.83 
g'/in 3 ) " plus bulk iron-exchanged beta zeolite (0.82 g/in). Total 
loading, of non-Pt washcoat components was 2.5 g/in 3 . 

■ i. _ 

Balance Point Temperature (BPT) tests were conducted on the 
engine.- with various CSF and DOC + CSF combinations. Lower BPT 
30 ' indicates a lower temperature at which the rate of soot oxidation 
is equal to the rate of soot accumulation due to engine exhaust. 
A summary of the example engine test runs' are as follows: 

Comp #1 : This run evaluated the sample which consisted of the 
Pt/Al 3 0 3 " flow- thru (Cat #1) upstream of the uncatalyzed soot filter 
35 (SF#1) . This sample configuration represented a control case ^ and 
is consistent with the prior art. This sample was evaluated with 
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the" engine— running- •on- :ul-tr : a -low" "sulfur fuel** consistent with 
-recommendations of this type of soot filter technology. 

; ■ \ * 

|_ Comp #2 - J This was a^repeat run^'oT^the sample of Run #r, ."_b.u't with 

! the engine^ running, on mormsl sulfur fuel. . . : 

\~ ^r", ? OIR P""y 3 * "This' "run""^yaluaYed* "C #5 '* alone "whfch^as"' catalyzed 
-~ — " with-Pt"and Ce*av"an'd^Vii1^'a*"T loadihg level ~"bf 5.0*g/ft~'. This 
sample was run using normal sulfur. fuel. 

Ex #4 : This run was a "repeat ^of 'Comp #3 using CSF #2, but with 

flow-thru DOC #3 (Pt loading of 0.5 g/ft 3 ) mounted upstream of the 
10 soot filter. This sample is an example of this invention and was 
run using normal sulfur fuel. 

Ex #5 :' This run was a 'repeat of Ex #4 using CSF #2, but with 

flow-thru DOC #2 {Pt loading of 5.0 g/ft 3 ) mounted upstream of the 
soot filter in place of DOC #3. This sample is an example of this 
15 invention and was run using. normal sulfur fuel. 1 

Comp #6 : This run was an evaluation of CSF #3 alone. This filter 
was catalyzed with Pt/Ce0 2 as was CSF #5, but the Pt loading level 
was 50.0 g/ft 3 . This sample was run using normal sulfur fuel::. 

Ex #1 : This' run was an evaluation of CSF #5 alone. This filter 

20 "was catalyzed with an improved "catalyst formulation consisting of 
Pt/Ce0 2 /Zr0 2 and" had a" Pt " loading level "of 50 g/ft 3 ..^This sample is 
an example of this invention and it was run using normal sulfur 

fuel . * ■ y. ' ' 

Ex_j£8: This run was also an evaluation of CSF #5, but with flow- 
25 ' thru DOC #2 (Pt loading of 5.0 g/ft 3 ) mounted upstream of the soot 
filter. This sample is an example of this invention and was run 
using normal sulfur fuel. 

Ex' #9 : This run was an evaluation of CSF #6 alone ! This filter 
was catalyzed by solution impregnation with Pt/CeO,/Zrp 2 over the 
' "30" "whole" filter substrate and" the "Pt load for this was 5.0 g/ft 3 . In 
addition, a 4 inch length of one end of the soot filter substrate 
was catalyzed with a' slurry washcoat comprised of Pt/Ce0 2 -ZrO : /Al r O : . 
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. powders The r: Pt -loading, pn v: . this -washcqat ^Gcounted" f or the balance 
of the total -pt loading '"of ^.65 . 6 g/ft 3 This sample is an example 
of this invention. It was run with the 4 inch washcoated and Pt 

enri-ched end- facing- upstream- in. the -exhaust the. -inlet) and it was 

f 5 run using normal" sulfur* fuel . " , ; 

Ex #10 : This Tun was an evaluation.- of CSF. """#4 .alone . This filter 

was** catalyzed,,'" lTJfe CSF" S67' by™ solution *" impf egnatibn with 'a base 

: of Pt/CeO,/Zr0 2 and having a Pt loading level., of 5. 0 g/ft 3 over the 

whole filter: substrate, but in addition a. 4 inch length- of one end 
" 10 of the filter substrate- was; further catalyzed'^ by solution 

impregnation with, additional Pt in. ;an amount- to . bring the ; total 
■ loading to 65.6 g/ft 3 . This. sample is. an example of this invention. 

For this run it was mounted. -.with: the .14 inclv Pt-enriched end facing 

.upstream in 'the exhaust . (as' the inlet)' and it was run using normal 
15 sulfur fuel. ; ; : "" ' 

Ex" #11 : Thrs 1 run was !a repeat! of "Ex #10 with ^CSF; : having its 
Pt-enriched end as; * the : inlet, jbut . also ! with DOG #2- !{Pt -loading 
level 5.0 g/ft 3 ) mounted : upstream of r the .CS.-E : in^the . exhaust;. This 
sample configuration, is an example__p.f. this,„ inveotian and, it was 
20 run using normal sulfur fuel. 

Ex #12 : This run, like Ex #10, was an evaluation of CSF #4 alone. 
However, for this run CSF #"7 was mounted with its Pt-enriched end 
in the down stream position (as the outlet) or' in' reverse flow of 
that used for Ex #10. This sample configuration is an example of 
25 this invention and was run using normal, sulfur fuel. 

Coitid #13 : This run was an evaluation of CSF #7 alone. This filter 
was catalyzed with Pt/Ce0 2 /Zr0 2 like Ex CSF #5, but in this case 
the Pt loading level was 200 g/ft 3 . This sample is an v example of 
this invention and was run using normal; sulfur fuel. 

30 .The BPT results for these 13 runs, are given in Table III, 

below. This shows the BPT\ achieved (deg C). at each of the engine 
speeds (1300, 1700 & 2100 rpm) used for the individual run. 
Selected results are also shpw_n in graphical .form in Figure "4, 
attached . ■ 



BNSDOCID: <WO 0029726A1_L> 



r ^ WO 00/29726 




PCT/US99/26037 



-Table II-I-^^— -Soot -F-ilter 'Regeneration" Performance, -Balance 
. . K P.Ojint Temperatures Measurements on .10 Liter,, . . 

Pre-Euro I Diesel Engine 









Balance 


Point Temp.erature 












(deg C) 






5 


Run 


Test Case . 


.1300 


1700 


2100 






No . 


Description' 


RPM *" • 


: R:PM : ' . 


RPM* ' " 


" Comment • 




C X 


Ca L ft ± *r £> f 




' 37*3 


422 " 


Prior Art, ulS 






.ni (control) 








-£uel 






cat. ?f l + 5t 




417, 


458.', 


Prior Art, ; nS 






i (control 








Fuel 




C3 


CSF; J3 ; . 




. 448 ^ ; 


N/a 




10. ' 


E4^ 


DOC #3+CSF #2 


' 359 


421 


N/a 








DO C # 2 +'C SlF -#-2 ' 


' 55 6 " 


■ 403 ■ 


- 452* * * 






.C6 . 


CSE #3 


,367. 


. .427 


437 . 






E7 ' 


CSF #5 


" 351" 


'-"3 91 


' 4 3'3 






E8 


.D.OC. #2 + CSF*t*#5: 


-.; 334 . : 


' ;361- ... 


42-8 




15 


E9 


CSF #6 


351 


401 


445 


Pt Washcqat on 














'Upstream 4 inches 




E10 


CSF #4 


349 


385 


437 


Pt 'Concentration . w 














on Inlet 4 inches 




Ell 


DOC #2+CSF #4 


339 


378 


428 






2X2 


.CSF. #4 


.;. 338 „ 


r- 377 


4,0 9 


,,Pt Concentration .. 






{Reverse")' 








"on Outlet 4' inches 




E13V 


CSF #7 „ 


,3:73 


, 384 . . 


'413 




-2'6 


-Note 


: ' All runs'- made 


u s i n g ' n o : f ma : l 4 sulfur ( n sy- • c a 


/ -350 ppm S')' fuel 




unles^npted... , 











It can be seen that the balance point temperature results for 
each' 'fun (Table ,111) show' 'a trend toward' higher' ~BPT with 
increasing speed"/ This behavior can be seen as trend lines in 
25 ' Figure 4 . This is' a general feature of ' all the results and 
'demonstrates the effect' of total exhaust mass flow rate and the 
particulate accumulation* rate on the BPT . Each run's catalyst 
configuration and volume is constant, thus a higher temperature is 
"required "for the'soot burning rate to keep pace with the "higher 
30 exhaust rates'. Based on these data the" performance of the examples 
* ""'for the individual "runs can 'be ranked and" the' lower the BPT, the 
better" the example. 

In Comp #1 the Comparative Example (Comp) exhibited very good 
BPT" performance of '340°C, 3Vi°C and 422 0 c'at 1300, 1700 and 2100 
35 ' R'PM, 'respectively, 'with the' engine running' on ultra low * sulfur 
"fuel. 'When in Comp #2 the fuel was changed to the normal sulfur 
* level * the BPT performance suffered and " increased to'*357°c', 417°C 
and 458°C, respectively. 



BNSDOCID: <WO 0Q2S726A1 J_> 



,AVO 00/29726 



-32- 



PCT/US99/26037 



Jn Comp.. #„3..-th.e..CSF.. #5 with.. low,.Pt load {5.0 .g : /ft 3 ) showed 
rather, poor performance with- BPT' s of. 418°C and >44'8°£- a£ 1300 and 
1700 RPM, .respectively • -The BPT for, this sample at ,2100 .RPM was 
.above the..iaaximum exhaust temperature, jDf the engine ca. 460°C. a 
5 . CSF a of.. this .type with, this P,t loading, level is capable of giving 
acceptable BPT' s and passive regeneration x>n- newer engines having 
lower particulate ,e^s,sions . levels , .but on . this older, higher 
emissions „engine. f the level o.f performance Camp #3 would 

probably, not .be acceptable .,_ . 
10 Improved performance with, this type„..of CSF was : achievexl with 

.an increase, in- the -Pt. loading, level ; (50 g/ft\- CSF, #3) as- shown in 
, . Cpmp #6 compared to Comp...#3, (367°C, 4-27 °C^& 4.37 °C, respectively ) . 

These" BPT'. s wer.e .only s.lightly .-higher , than f or Comp examples when 
- it was. also run. .on normal .^sulfur: .fuel, in : Comp.„#2 . - Thus , Pt loading 
15 ..level, op the , soot -filter substrate ~ is r an - important variable and 
.increasing can result-in improved .?PT . .performance . : _ 

In. Ex #4 the.:,placement,.of DOC #3. .. (0 . 5 g/f t 3 . Pt) upstream of 
jCSF #2, resulted, in BPT' s of ,359°C, and 421°G r: at 1300 and 1700 RPM, 
respectively. For. .this, configuration.- the .BBT - at .2100 RPM -was above 
20 the maximum engine., exhaust temperature ca . z . .4 60 °C . ;: However, the 
example of Ex #4, ^constituted an improvement . of 5-9 °C. and-.27°C lower 
, . , BPT . at. ...1300 and .1700 RPM, respectively,- relative. to : . CSF #2 alone . 
This example of.,. the invention supports-- the concept , that the total 
particulate matter (TPM) reduction,^ af f orded by ? .the -.DQC r: enhances 
25 the soot burning performance, of ..the-CSF- Furthermpre, the- BET' s 
achieved, for this, configuration .of . the- invention in Ex #4 at 1300 
... and. 1700, RPM were : comp a r,abl-e- with those . of Comp - #2 , whi.qh also 
included , Cat. #1 and was. run on normal, sulf.ur fuel ...-It should also 
be. noted . that- the BPT . of Comp ..#2 - at 2 100. ^ RPM .was • 4,5-8 °G which is 
30 vejry near the-.- maximum, exhaust temperature •( about 460°C )~ of .the 
engine. ... - .. tS .... -*.:.*• 

Ex J5 used the same conf iguration_ as -Ex ;#4, except, that the 
t Pt. loading, level, on DOC #2 was, 5,. 0 g/f t 3 . instead .of t 0.5. g/f-t\ The 
BPT' s achieved with this • example of. -the invention in Ex. #5 were 
35 , 356°C,. A03°C and 452°C, respectively..- These, -results were slightly 
better that .for Ex. #4* at ; 1300. and L700 RPM where BP.T's were 
. achieved. However, the increase, .in -Pt loading on., the D0C..-,at these 
relatively low Pt^loading -levels.;, had only:, a .moderate, e.ff.ect on 
lowering the BPT. - • .. . . si : - - ■" ■«-'- 
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^ : * - Ex's* #4 arid #5- demonstrate that. 'improved BPT performance can 

be achieved : by placing a DOC in "front of *a * CSF, and this 
improvement -'can be achieved with very low 'previous metal loading. 
Furthermore, the performance'"" of' "this^ configuration' of the 
: - ' 5 -invention* could -£e- expected - to be 'even better 'on' newer, " lower 
. *~ emissions diesel engines ; ' *' ' ' ; "" 

^ ; ' Ex #7, an example of " this invention' (CST #5) having an 

improved catalyst- formulation (Pt/Ce02/Zr02 ) * achieved BPT' s of 
351°C, 391°C and 433°C f respectively/ This represented a 

* id' significant'" improvement 'in* BPT ■ performance relative' to CSF : #3 

('Comp #6) : which had the same' Pt "loading level "(50 g/ft 3 ) but did 
not •contain ZrO,. The BPT' s were with CSF #5 were*"iowered by 16°C, 
36°C and 4°C, respectively. CSF-#5, -run on normal sulfur fuel, was 
also substantially better than the prior art' ("control) example, 

■ 15 als : d run on normal - sulfur * fuel' (Comp # : 2)\ Furthermore, the BPT 

performance of" -CS~F : #5 - was only slightly' nigher than' that of'the 
,; Comp #1 when "run -using ' ultra low suTfiir fuel (Run #1). ' ^ 

Ex #13 ' (CS'F #7) : 'whicfr -had the same improved catalyst 
formulation as CSF r #5'- : (Pt/CeO//Zr0 2 ) / but with a Pt loading level 
^20 'of 200 : g/ft 3 was evaluated- 1 For' ; this run BPT' s ' of 373°C, 384°C and 
"-"»"•' 413°C/'' : respectively, we re : 'obtained / Relative to CSF #5 (Ex #7) 

- — -this "performance Was' poorer at 1 3'0 0 RPM , slightly better at 17*00 

7 RPM and- with ca-. 20°C advantage at '2100 - RPM\ This shows' : that^ a 
— large Pt ioading^ level ' increase (e.g., 50 gV f t 3 ■ to : 200* g/ f t 3 ) does 
"25 ! • not enhance BPT performance substantially. 

1 *" ** Ex #8,- also " ah' example of this invention, ' with'' DOC #2 (5.0 
gAft- 3 ) ups-fream of CSF #5 ' BPT' s of 334 °C, '36l°C and 428°C, 
'respectively, were achieved. " This ; constituted * a further 
•improvement- relative to CSF #5 alone and • the BPT's were lowered by 

- -30 - 17°c, 30°C -and* 5°C, respectively', relative* to" Ex #7. ' "This shows the 

combined effects of the upstream DOC and an improved catalyst on 
---* • the " soot filter. ■■ Furthermore, The* BPT performance for the 
configuration in Ex- #8 Evaluated 'on normal sulfur fuel 'constituted 
-■ - an : improvement ^'relative- to^Comp : ' ; #l . ; : * 

-'35 - ■" '• ■"In Ex' #9- the *BPT results" 'for- CSF #6 -were" obtained'. This soot 

• - l ~ filter which contained a washcoated length of 4 inches at one end 

that was- run upstream, -at the ' inlet to the' : soot f i'lter , 'achieved 
" BPT's^of- 351°C/ 40i°C and' 445°C; respectively. This performance was 
better than that of CSF U2 {Comp #3) and CSF #2 with DOC s mounted 
40 upstream (Ex's #4 & 5)-. However, it was no better and slightly 
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poorer .than CSF #5, even with a slightly higher Pt loading level 
over the "upstream 4 inches (65.6 g/f t 3 . ys . 50 T g/f t 3 ) . This- might 
have been due to the washcoat thickness which covered 4 inches 
length of one end of the soot filter. This washcoat covered the 
5 porous ceramic walls of this area of the soot filter substrate 
which likely resulted in impeded exhaust flow. This in turn 
effectively reduced the filtration area (volume) of the soot 
filter resulting in higher BPT's. 

Ex #10 the BPT results for CSF #4 alone, were obtained. This 
10 soot filter, which had an enriched Pt loading on 4 inches^ of 
length of one end was run with the Pt-enriched end upstream, at 
the inlet. The BPT's for this configuration were 349°C, 385°C and 
437°C, respectively. This performance was comparable with that of 
CSF #5 in Ex #7. This shows that the Pt loading on the CSF can be 
15 placed at the inlet or spread. more uniformly throughout the volume 
of the soot filter substrate and obtain the same results. In an 
additional run of CSF #4, ultra low sulfur fuel was used in place 
of normal sulfur fuel and the BPT results were comparable, thus 
showing that the CSF' s of this invention are not sensitive to the 
20 sulfur level in the fuel, unlike Comp ' s #1 & #2. 

Ex #11, DOC #2 (5.0 g/ft 3 Pt) was mounted upstream of CSF #4. 
This configuration, an example of this invention, gave BPT's of 
339°C, 378°C and 428°C, respectively. This was an improvement 
relative to CSF #4 alone and BPT's were 10°C, 7°C and 9°C lower, 
25 respectively. Furthermore, the performance of this configuration 
in Ex #11 using normal sulfur fuel was comparable with Comp #1, 
using ultra low sulfur fuel. 

Ex #12, CSF #4 alone was run in reverse flow orientation with 
respect to the exhaust compared with the way it was evaluated in 
30 Ex #10. In this configuration, an example of this invention, the 
end of the- soot filter with Pt-enriched 4" length was mounted down 
stream, at the outlet. The BPT's obtained in Ex #12 were 338°C, 
377°c and 409°C, respectively. This constituted an improvement in 
performance compared to the case when CSF #4 was run with its Pt- 
35 enriched end mounted upstream, at the inlet, (Ex #10) . This was a 
surprise and demonstrated that the placement of the Pt on the soot 
filter substrate could be important to performance and that 
distributing the Pt on the outlet end of the filter substrate 
provided an advantage. Furthermore, the performance of CSF #4 
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- mounted in "this orieritatiori and" using normal sulfur fuel was 
• • '* comparable with Cotnp *#1. T "' 
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In. the -claims: . .- r . - : - r - r:r . - - 'L : r.z$'uz v 

1. An apparatus comprising: 
-a diesel engine having- an - exhaust outlet; 

-a catalyzed filter in, communication .with the -exhaust outlet, 
the catalyzed filter comprising a first catalyst, the first 
catalyst comprising: 

. a first platinum group -metal ;>_and 

a first cerium component and - : - 
a second catalyst in communication with the first catalyst, 
the second catalyst comprising: 

-a second cerium component-. - 

2. An apparatus comprising: 
a diesel engine having an ..exhaust ,ouj:;let; 

a catalyzed^-f ilter. in communication, .with the. exhaust outlet, 
15 the catalyzed filter comprising, a first catalyst,; . the: first 
catalyst comprising : 
. * . a first platinum group. : me-tal ; . . - v - ■ v ; ^ ~" 

- ; . .a first cerium -component; , .and : . m ^ / - -. - d: 

a first zirconium component. 

20. 3.. The . apparatus as recited in. claim- 2 further, comprising : 

a second catalyst in communication with the first catalyst, 
the second catalyst comprising: 
t , .a second cerium component.;, i. . • : * 

4 . The apparatus as recited in claims 1 or 3 wherein the -second 
25. catalyst is located- between the ^. engine; -outlet and thef first 
catalyst. - ■ / .'■ ' .* - ■' ■"■ • "-- - -"• 

5. • The .apparatus as recited in-, claim 4 wherein ■ -the. .:second 
catalyst is supported on a separate substrate than the catalyzed 
.filter. - •■ - - - 

30 6. The apparatus as recited in claim 4 wherein the second 
catalyst is located at . the catalyzed filter. 

. 7. The apparatus as -recit-e.d in claim 6 wherein the;: catalyzed 

filter has an axial length extending from an upstream filter end 



5 
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to a downstream filter end, and the second catalyst is located for 
at least part of the axial length from the upstream end. 



8. The apparatus as "recited, in claim r "7- wherein the second 
catalyst -for : from *about-0.'25 -iib"- about- 8 inches -frbm the upstream 

-5 - end . . . :. ■ ? .. "* - : r -;• 

9 . The apparatus - as* "reef-ted in claini -*8 : wherein the 'second 
catalyst for from about 0:5 to-" about : '5"* inches from the upstream 

\ .*"";.. end. ■'• ' ■ ' ' /zr. . \. : . 

10. The apparatus as rec-iteeTih claims 1 or -3" wherein the second 
10 catalyst is located downstream of the first catalyst. 

11. The apparatus as "-recited ~iri -'claims •! of 3 wherein the second 
catalyst is located 'between-" the engine - outlet and the catalysed 

. filter.' 1 1 r - . " v *" <: ■*:-:-:.. , :.t* - • . •.: 

12. The apparatus >a-s^ : reciteci in "claims 1 ~6r" 3 wherein the secdnd 
15 catalyst is located- downs tre'anf- af the first' catalyst. 

13. The apparatus as recited in claim 12 wherein the second 
• catalyst'- is supported' on a -separate substrate than the catalyzed 

.-:>: . " -filter ~ :J ' ..v * ' : ■ ~ 

14. The apparatus as-' feci ted in " claim -1 : 2 * wherein the second 
20 catalyst is located at the catalyzed filter. 

. * ' : 15.:: The apparatus • as", recited- in claim -14 wherein the Catalyzed 
filter has an axial length extending from an upstream filter end 
to a downstream filter end, and the second catalyst is located for 
\ '.at least part of the *axi*al length*' from the upstream end. 



16. The apparatus as recited in claim 15 wherein the second 
catalyst for from about 0.25 to about 8 inches from the upstream 
;end.. ~\ . r " • :* : ' : v .*;,'■■ - . . * ** 



17. The apparatus as- recited in claim 16 wherein the second 
.>s."V-- catalyst/ for.: -from about 0./5 -to* about 5 'inches -from-the upstream 
: - -3-0 ; .end: v •./■*. *- . ; ; :~ :: ; *. 2 ... . , *. ' •■' * . .*» 
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18. - The apparatus as recited .claims 1 or 3. wherein the. second 
catalyst is located downstream _of. the catajLy2ed_f.ilt.er. 

19 . The apparatus as recited in claim 1 wherein the first 
catalyst further comprises a fir ft zirconium .component . - 

5 20. The apparatus as recite?!, in claims 1 or 3 wherein the second 
catalyst composition comprises a second metal oxide selected from 
silica, alumina, titania and zirconia. ... .. :( - r. 

21. The apparatus as recited in claim 20. wherein the -. second 
catalyst composition comprises a catalytic material comprising at 

10 least one second metal oxide ... selected, .from silica, alumina, 
titania, zirconia, silica-alumina and ceria-z.ir.conia.. 

22. The apparatus as recited . in. .claim 21 f wherein, the second 
cerium component is bulk ceria having a BET surface area of at 
least about., 10 m 2 /g and the second metal, oxide- 4 s . a bulk, metal 

15 oxide having a, BET, surface area, of at, least about 1£L m 2 /g.. 

23 . The apparatus as_ recited... in. jrlaim . 22 . whexeiri the.„ second 
catalyst composition comprises ceria and a metal oxide in a weight 
.ratio of from 5:95 to 95 : 5 . 

24. The apparatus as recited in -claim » 22 . wherein the : . .second 
20 catalyst comprises at least one second platinum group metal 

component^ t - : 

25. The apparatus as recited in claim , 2 r 4 wherein, the -second 
platinum group component is selected from platinum, palladium, and 
rhodium components. , „ t .. 

25 26. The apparatus as recited ia claim ..25 ♦ wherein the. second 
platinum group components are present in an amount of from 0.1 to 
200 g/ft 3 based on the weight, .of. the metal... - 

27. The apparatus as recited in claim 26 wherein the second 
platinum group . component is a platinum component in an-; amount from 
30 0.1 to 15 g/ft r 3 , based on ,.the weight ,qf ...the . metal 
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28. The apparatus" as' recited in" claim '21 ' wherein the second 
platinum *compo : hent^ is' in' an' amount from 0.1 to 5" g/ft- based* on the 
weight of the metal. 

29. The apparatus' as" recited in' claim 2 6 "wherein" the second 
5 platinum group component is a second platinum component in an 

amount from 0.1 to 0 . 5 'g/f t 3 - based on the weight of the metal/' 

30. The apparatus as recited in claims 1 or ' 3 wherein' the first 
catalyst composition comprises a first metal oxide selected from 
silica/ alumina, titahia and* iircdniaT 

10- 31*. The apparatus "as * recited in claim 30 wherein the first 
catalyst ■ composition' comprises a * catalytic 'material comprising at 
least one first metal oxide selected from silica, alumina, 
titania : , zirconia, sili'ca-alumina and "ceria-zirconia . 

" ' 32. The apparatus as' recited in claim : "3l wherein* the first cerium 

15 component is bulk ceria having a BET surface area of at leaTst 

about 10 m 2 /g and the first metal oxide is a bulk metal oxide 
■ r * "having a' BET 'surface 1 area ' *of £ at lea : st aboiit '10 "m 2 /g. 

33. The apparatus as recited in claim* 3 2" wherein the first 
catalyst composition comprise ceria and metal oxide in a weight 

2Cf ratio of from*. 5:95 to 95:5". ' ; ' ' : 

34. The apparatus as recited in claim 30 wherein 'the second 
platinum group component is selected- from platinum, palladium, and 

- rhodium components. ■ • - * - • - ■ - ■ 

35. The apparatus as recited in claim 34 wherein the second 
25 platinum group components are present in an amount of from 0.1 to 

200 •■g/fV li based on the weight of the metal. 1 

36. The apparatus as recited in ** claims 1 or 3 wherein the 
catalyzed soot filter comprises a wall flow honeycomb substrate. 

.37-. - -"The apparatus as recited -in claims ' 1 "or 3 wherein 'the second 
30 catalyst is supported ; on" a : flow through honeycomb substrate. 
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38. An apparatus comprising: 

a catalyzed filter comprising a first catalyst, the first 
catalyst comprising : 

a first platinum group metal; and 
5 a first cerium component; and 

a second catalyst in communication with the first catalyst, 
the second catalyst cdmpris^n^*: 

a second cerium component . 

39. The, apparatus as recited . in claim 38 wherein the catalyzed 
1G - soot f id ter comprises ;a^ wall' flow honeycomb substf ateT-.' 

40. The apparatus.-., as recited in "claim" 39 wherein— the second 
catalyst is supported on a flow through honeycomb substrate. 
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